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l'tFE(lI IV[FNS.' 1-f 1I. OD WARNING AND PREPAREDNESS
ALTERNATIVES

CHAPTER 1

INTRODUCTION

Federal planners dealing with projects for' flood
loss reduction are required to consider nonstructural
measures and, in some cases, to formulate nonstructural
plans. These requirements are relatively recent and the
state-of-the-art for planning, designing and evaluat ing
most types of nonst ructura I measures is still rud i -
mentary. Fhe experimentation which has taken place to
date in formulation and evaluation of nonstructural
plans indicates the range of techniques available to
the planner is not so large as was thought only a few
years ago. It appears that. only a few types of nonstruc-
tural measures will prove in practice to be physically
and economically feasible for widespread use.

Community level flood warning and preparedness
programs have emerged as one of the most promising
nonstructura. alternatives. They appear to be economi-
cally fea'sible in most situations for which they have
been considered and the hardware and technology
needed for their use is available. In addition, the
concepts and proicedUres for plan formulation are
relatively well del eloped. These indications of
practicdlity are corroborated by the fact that several
hundred community level flood warning and preparedness
programs of one type or another are already established
and operating in the United States.

The fundamental concept of flood warning and
preparedness alternatives is that the adverse impacts
of flooding can be reduced if information concerning an
impending flood is made available on a timely basis and
if plans and procedures for mitigating actions exist
and are carried out. Alternatives which fully implement
this concept can be designed to meet a variety of
objectives. The broad objectives which they normally
address are:

1. Reduction of injuries or deaths caused
directly by floods;



2. Reduct ion o F damage t (ImovablIe propvrt y
caused dlirect IN, by floods-

3. Redrict ion o)f inIiI uievs , deaf hs ari)d pro)pert y
damage ca u Sed by sec onidary probl1ems relIat edc
t o f I0( no ifg eg. Cir 'Xp) s ion , (out am i ii-
t ion of Wate ci sipp I i e s I :and(

4 . Reduct ion of related cost s nu, t i ecl cli rec t I v
to propert y damages or Ioesfrom secondary
p) rob I ems

Als~o, flIoodl warm i r- and preparedness al1ternati yes
o)r part s of such a It ernat ivyes can and often do serve-
addl i t i Oriii I object i v'es . For e-xampi e * in some localI pro-
grams, thei, sst em fo0r collect ion arid analysis of

hydlr(01I go i c' arid hydratil ic informal ion)t is alsoi used to
ass i -t in1 day- to-day operat ion of wat er co(nt rol s( ruc -
t ires . lire spec if ic object i yes to( be served,. a Ilong w ith1
h le nat tire of t hie areau t o be plot ect ed arid charact er o)f
het( t' I ood thfreat . l arge IlN (let erm i ne t Ie( act, i v i t i es t ()

b)e i nclu tded and the t echniiqiies to be employed iii a
partiilar fl Iood warn ing" and prepar-edness alIternati ye.

Notwi thstarnding the conrsiderable intereust in f'lood)
warn inrg arid preparedness al1ternativyes which have been
gerierlat ei by t he ir apparent lit ii I itv 'Anid ()rio0m i c

4 f~~easib h it tv. their- considerat ion as reco(mmendablIe part s
otf I' I d plain management for, fedex-a Ics sharinrg has
been i nih i 1)1 t edl I)Y conicern about t he inI effectiveness.
lii concern stems from: a) ( ie( need For flood warning
arit( pieparedlness alIterniativyes to fuinction under adverse
metveort)I ogica I arid hydrolIogi cal conudit ions, and I)) the
depenieclie lotI t he il. sIccess oil appropriate responses

un wa rn[ i rigs by, i rid i v i du a I s, property v Owniers arid
Manager-s. and var iouis pub I i c and private organi zat io(irs.

PURPOSFS AND I NIJENDFD USF'S OF REPORT

I he pni r'pos.cs o)f this reotare t o shed I i glito
li qu, Itest io(n of t lie e tffec(t i veness of flood()( warn i rfig arid

p)revparedlr( IeII 's s at I t ernat i yes ari(l to suggest Means of
iMin)rovi rig effect i v'ress

Among o)thler t lIti rigs, i t pro1v ideIs gtr i del I ii(5s lt'(
eva I witt i rig t' M od warn1 i rig and pr rdesarrangemeniV t s
Which1 alIreadcy ex~i st tr[ at part i ii 1ar I cal ihe rived
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for considerat ion o f at commun I t ,v - I eve I warn inrg and~
preparedness alternative i S too 4)1' tell negle, Ic t ed (IM
rejected by local otftic iaIs oni t he basis of ain uuijre-,t i-
fied assumpt ion that. it c'oild( provide no protecut ion or
benefits beyond that alIready a va i I ablIe fron t lie (0111)na -
t ion of the regular forecast ini- see~ Iru ices o t t he
National Weather Serv ice and at communii yc i t Iri

general plan of emergency act. ion)i . Ihle report 's (Ii ,ci.s--
si oi ot effect 'i veniess p royvides some sugeis t ioris of' what
to look for in j udgi rig the adequacy orf e'x ist ing arrange -

ment s

Thle report is also i nt ended its anr aiid to t hose
considering the ivestigat ion, formnrlat ion and evalu a-
t ion of a commurn ity level fl1ood warn inrg and p repa red-
ness alternative. Planners should find the( material in
thle report useful i.n th te p re I i m i nta ry eva I oiat i on o t
whether warn ing arid preparedness i s a v i ab)le corncept)
for the case at hand , i deit, ifi cat ion of' tie( mat ter's ( o
be dealt with in investigation arid p)1an Formu Iat i on.
and deci sion about the necessar i I levelI of' d et t iI oft
plIani rg. I n a dditi on., planners shou I(d I' i nid t lie
material uSe fl i n respondinrg t o t he concerns arid]
inquiries of nion-federal ite rest s abourt warr i rig ari
preparedness al ternat ives.

SCOPE

Flood warn inrg arid 1) re pitre dinvs.- a It erriat i \'('s atre

appi icabl e to a va r ie ty o f s it Ilat ois i clInd trig
r i v e r ine anitd co as talI fl1.o od i ig, aid t( t oI var r ou) ts (ari s es oft
f loodi rig incl ud inig that f rom (l atit or i e ve( fa i I itir-e arid (
sniowme It as well as from heavy ra ins . However, in tcrest
in t he use of warn inrg arid preparedness ait erinat t \'('s
centers at. present onl r iver inc floodinug. Ilia t is al 50

the appi i cation for which the most progress has been
made in development of design arid eva I at ion conicept s
and for which the most inrformat. ion and( examples are
a va ila blIe.

The scope of' t-he report is limited'( to~ thle ease of
flIoods (flash and non -fi ash I in r i ver i itie s it that i o)ils
which come w it h excessive ra irtifalI I . Mther t ypes oft
sittrat iotis and other causes of fl1ood inrg are riot spec t i -

c all y a (Id re ss vd( . Hiowe vver , muiichI o f w ha t i s present ed i i
t he report i s app i i cab I o t-o ot her t ype(, of' cases.



('HAPIER 2

LILMUNIS F FLOOD WARNING AND PREPAR.DNESS AL I ERNAIIV S

Flood wairnin and prel)aredness altet'nat ires may be
C onVeni ent 1N, divided into four major elements, namely
the:

I. F lood Recognit. ion Syst em;

2. IWarning Arrangeients;

3. Prepar-edness Plan; and

4. Maintenance Arrangements.

THE FLOOD RECOGNITION SYSTEM V
The pur1pose of the flood recogni t.i on syst 'm

por-t ion of a war-ning and preparedness alternative is to
deter'mine if a flood is impending and predict the t ime

of its occurrence and its magnitude. The f lood t-ecoan i-
t ion step is v i ta 1 to a warn irig and preparedness
pr-ogr'am because it provides the basic informat ion on
which decision-makin.- and action rest s. 'Iahle I
describes the pr incipal approaches to f l(ood r'ecogani -
t ion, and the types of systems usually employed. Brief
descript ions are also included concerning the character-
istics of each type of system.

Flood recognition systems which are limited to
.ust the basic provisions for coIl ect i ng and anal y/ i n-
local prec ipi tat ion and/or streamfIow dat a arc (ft en
inadequate. Unl esso tie system includes at I east some
self-report, ino gages. flash flood alarms, or- provisions
for- continual monitoring, it may be possible for xains
at night or, in some remot e part of the drainage ar'ea to
go without official notice for a considerable period of
time. The resulting Iate activation otf" the data (o llec -
t' i on system may cauise a si gn i fi ('ant reduct i on i n
warning time.

Data col lection systems which are o )per-at ed
cont i nuous I y or, whi ch are act i vat ed prompt I y when ra ins
begin may st ill he too limited since they only Ipov ide
predictions based on rainfall or stream level s which
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have alIready OCCurre'd. III SniAl IISItC01) bits ills sl).~ettt
to t' I ash flI oocls ,t r'ave I t i nies may h)4 o 0 soshorI( It t hat

A I so oft 'oulr'se , xieasuremerit ofi pxt'r i pitI at io 01I o st i4'afl

eve Is Ii ves 11o i llformat i oil about %,ht't lil r it i Ois at
I i kev t o i it(- tease oi. l1(w l oll" t hecy IImaIy tout i riot'.

Pt'r'solls p1I atilti fig prot ecl i vt' -t eps w 11 i c 11 i lixvo I v
c'oils i derail Ife t i me t o1 e xecti I e mnay be4 (allhgi11 it (I i I tfillia
w it Ix' egairds t o i ii t iat i tig act loll.f

I liese I Npe1,s o 1 )1 p ob 1) 1ens cii t ' x) c it i i it ('( td 0 a

Si "Ili t' i Ciant 4' X t 0 fitI 1) S sLxI('1) xIeClxIt ixi I t I g I(( if t' ofd )( t'eg-A 1ix -
t i ()i1 s I tvti i t I 1 1)l 1 101 - 1v4s)1' fo ktI-'c) i rigo ait )1-e a.-; 401

wea.t lie. coi (' i( t i oils oil at eg i orla I bas- i s I he xio'ar-,
11i.mI I N. emp I oved Ilt- loch' ax'axigexxieiit s oxI' ) po~ i 5I oil (

t 11ormat il t i'o a111 tdja Iceon It gov'CIxIIll it ita I flli t s ()l. I'ox

itC CeIS t 4)Nat i oxla I 'letat hexr Serv~ ie i- c r I ease. Ae 'ss
t he NWS relIeif eas n miks c. a t ll I' v(1 ger~cl raliz' ~r((a
based oil satt t1 I1 i t e i maget'v , vrlopt ic dat at and~ ia(1;ir
A ccetss t o N re( leases i s tls Iif I Iv t liroti-h ts(' )I' NI.AA

v, eaItthex'I I xa d i t )~ or' s lbs(b -. cI ipi) i o I t o it t c I t1t 1)~ o sec I t

WAARN I V; ARRANGVMN1 I

I 11(' purIpose ot, t lit' warn i 11"u, ita 'ao ge lt p01im]4

at t I ood wail1 i II- anld px4vepa i'crit '~s at I I eixia i \ (' i , I I

xi xt ava I I e t, II ao 1) re' I t ca t i' of I dIl) I Ic c ., s-, irIxvi Il' 1-1. I1 ,

nItit;ls otI d i -;s e('rli I I i It o 41I I I soIIa I \ (,ixll It 1 v 1 t1cd i 4,44( Ii
tttmiit'it -, av it I sot i [Ic I Ild'd (It'. c 1, '1) hji I,, per i Twill ( ll 1 l(

It~ v '~ I ) s t i s ii t It( v 1 i ow I It sI 'tnt Ii I xx

svs f t'm 1 it Ii i''J4t I)-, (Iti i sst'-nt .1( flt i on~

t-ev r Iit ml'al tt c i t c (u i % it i xigs I f(, I1 i d ig. --... c i1 1_

uhrt~~~ ~ ~ ~ he. tlt r dNc )t d v ow r l"'1 IIi ~~

reco -tl t ot s s I, n w i II -I .i II I ,- i 'sta m , I , I N ,k I. II iI 1 1)
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Responsibility for Decisin-Making

Flood warning and preparedness alternat ives
usually provide for at least a part of the decision-
making regarding issuance of warnings to he closely
allied with coordinat ion and operat ion of the dat a
collection network and preparation of flood pred i c-
t ions. If information and data collected t h'ough a
local flood recognition system are prov i ded to t h,
National Weather Service fer analysis and preparat ion
of the flood prediction, that agency is normally
depended on for the origination of warnings. In that
event . warnings are usually released over television
and radio at the discretion of the NiS and gi ven
dtirect lV by that agency to some local official by
telephone, telegraph, radio or another available means.
Local officials must then complet e t he dec i -, i on-mak i n,_,
process by deciding whether or not to moiunt any cfurther,
warning dissemination effort.

If the analysis of data and preparat ion of' the
flood prediction is performed locally, decisions about
warning dissemination are usually made entirely by
local officials. In this case, the major variation in
assignment of responsi bi l ity concerns whet her t he
decision to issue and disseminate warnin,s is made by
one person or through a chain of command. Each approach
has advantages and drawbacks. 1he revi , prlovidcd by
moving decisions through a chain of command seix-,, to
reduce errors and hasty judgments. However. i t may
seriously affect the timeliness with which warnin g are
finally made available.

Staging of Warnings

It is important that flood warnings issued t o t he
public are timely and accurate. Warnings which ace
received too late are of little or no value. Warnings
which are significantly in error may cause unwarranted
complacency or result in expensive and t roul) I esome
overreaction. Shortcomings of either type erode t he
credibility of future warnings.

Warnings can generally be made more accuirat e byj postponing their release until flooding is imminent and

2- 5
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SAl I of t hese d i verse needs for t i mel i ness ad
acciuracy cann ot oft en be sat i sf i ed by isstiance o f if
single fIood--no f I ood" announcement . Recont i I i at i on
of t he several needs is ustua ly accompl i shed t lrvough

staging of the war-ning arrangement s. Staging provi de.-,
fo r i dent if icat ion of severa I "levels" , "stages, " . r
"cond it i ons " of flood, uisua I ly based on combi nat ions o t
the certaint.y of the flood occurr ing and the magnitude
of the anticipated flows. A simply staged warning plan
may p rovide as few as t hree stages corresponding to,
normal ( no flood expected ). pre-emergency (pot (it ia I
f Loodi rig) , and emergency (flood i rig cert a in or' underwavy
sitttat ions. Other systems may provide a hal'-dozen or
more stages developed different ly for each of several~sub-areas.

No single pat t ern o f st a i ng is ttn i ve rsa I I v
applicable for flood warning arrangements . 1ha t is
appropriate in a part icular case depends on I (ca 1
preference as we I I as t opographic , hy d ro I og i c
developmental and other consi derat ions. the st aging
must also mesh w i th t he arrangement s for warn i ng
dissemination and the preparedness plan.

De gree of Ref i nement of Warni ng Procedures

Warning arrangements may be very basic in some
situat ions. For example, it might only be necessary in
the case of a sma I I community for a police or fire
dispatcher to turn on a community siren when an
upst ream water level sensor indicates a flood is
imminent . But even t hen, prudence suggests that there
be some est ab I i shed procedure or standing order so
experienc(ed st aff are reminded and new personnel are
made aware of the act ion to be taken and inst ructed in
it s accompi ishment . In most areas, the warning arrange-
ment s are far more complex and involve a number of
people and organizations which must. act in harmony if
warnings are to be properly distributed to their
intended recipients. The procedures to guide their
coordinated act ions must be correspondingly more de-
tailed.

The actions which must be taken to carry out a
warning process are dictated by what is to be
accomplished. The options available to the planner in
preparing the necessary procedures concern the detail
and fullness of the instructions for these actions.

2-7



Procedures for even complex warning plans may vary
with respect to their detail . 0hj(oct, ive orient ed
procedures may only i dent i fy what ovc ral l act ions are
to be accomplished and leave the manner of accomplish-
ment to the discret ion and innovat ion of the
responsible part y. For example, procedures might ()n I y
instruct the person re sponsible for issuing warnings to
"review flood predict ions and issue warnings as
appropriate" A more detai led procedure might provide a
basis for review through the use of decision criteria
couched in terms of predicted flood magni t tide.
Addit ional det a i I could be added to procedures by
including lists (t persons and their alternates to be
issued warnings, 1)rov isi on of telephone numbers and
addresses , and wording of the warn i nrg message( s t o be
used. The-e same sort s of ref i neme t s can be i nc 1 uded
or not incltuded in other por't ions of the procedures to
vary their level of detail.

Procedures can also be made fuller and potentially
more valuable through inc Iision of i nformat ion which
may prove useful to deal with cont ingencies. This may
include names and telephone numbers of staff in federal
and state disaster offices, I |st ings of priat e
contract ors with pot ent iaIl y use fu I equipment . maps and
plans, and mut ua I aid agreement s.

The funct ion of wr itt en p'rocedures is to insure no
serious errors or omissions are made. in deciding their
appropriate level of detai I and fui I I ness , it must )e
borne in mind that the warning arrangements are likely
to be executed under stressful and hurried conditions.

PREPAREDNESS PLAN

The preparedness plan is an important part of any
alternative since it normally provides a large share of
the benefits which justify expenditures on the flood
recognition system and warning arrangements. As noted
in Chapter 1, the objectives to which flood prepared-
ness plans are most often addressed include safety from
primary and secondary risks related to flooding. reduic -
tion of damages from primary and secondary risks. and
reduction of costs other than t hose result i rig from
direct. flood damages. Tab I e 3 desc r i bes t he ma jor
components of preparedness p1 ars arid t he t y1 pes o f

actions making up each component.

2-
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Role of Government in Plan I xelt i oi

Some parts of a ifI ood pieparieiidness plan i,(li ii,
governmental part icipat ion l'( prol, ('Xo(i't ion. Ilor
example, private cit i,,ens and pri vat v orl'gani/at i (n-
cannot ordinarily disperse energen y ('(lli i [)reiit, iii'o i cli'
effective traffic control or modit'y ltt. normal opra-
tion of ut ilitv systems. however . iId i vi (iila I arid
pr'ivat e organi zat ions call )c I eft Who I I ',)oin, 1t)1 bI
for their own evacuat ion, t empoirar ' I lcal i(I (ot I I c i I
movable property, care and she lt e r it" ('f ac ,et' * aitid
cont ingency f loodproof ing of pri vat e hi( es and (oI ht'

facilities.

Some of the activities which could 1be l(l'I to(fr.
private sector performance can be done bet ( (1'- )V N
government or with governmental assist antce. I()I
example, evacuation might be more completely and more
rapidly accomplished if busses from t.he local ti'an.it
system were made available. While care of evaclee(-s
could perhaps be provided by individuals, churches, and
service organizations, it might be simplified if the
kitchens, showers and other facilities of schools were
used. And even though individuals could perhaps move a
significant amount of their property out of a flood's
path, local government's provision of a secured storage
area could be important to the success of such an
effort.

Opportunities for more or less governmental
involvement exist for many aspects of preparedness
plans. Selection of the appropriate level of governmen-
tal participation constitutes a major policy decision

in plan formulation. The decision must , of course, be
tempered by the amounts and types of personnel and
physical resources available t.o local governments and
the priority assigned to the plan's various objectives.

Format of Plans

The numerous activities of various part ies which
go into making up a preparedness plan lend themselves
to presentation in a variety of formats. The three most
popular formats are organization of the material by: a)
agency or organization; b) stage of emergency or pre-
dicted flood level ; and c) subpl ans for gr'oups ot"
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related activities. None of the potential ways of
organizing the plan is particularly superior to others
and the choice is largely one of what works best for
the case at hand. The more important point is that the
plan must set forth in unmistakably clear language what
is to be done, when or under what conditions each
action is to be taken, and who is responsible for its
accomplishment.

Preparedness plans are action documents intended
for use under emergency conditions. This suggests that
the plan be stripped of nonessential information,
indexed and otherwise put together in a way which
facilitates its convenient use. It should also be
recognized in selecting a format for the plan that the
intended participants in execution of the plan have
differing needs for guidance. While a civil defense
director responsible for orchestrating the community-
wide response to a flood has need for the whole plan,
the water plant supervisor may need only the instruc-
tions pertinent to operation of that utility. Some
formats of plan presentation are better adapted than
others to meeting these varying needs for information.

MAINTENANCE ARRANGEMENTS

The objectives, procedures, equipment, agreements
and other things composing a flood warning and prepared-
ness alternative require periodic attention if the
effectiveness of the overall alternative is to be
preserved. The function of the maintenance arrangements
portion of a flood warning and preparedness alternative
is to provide that necessary attention. The activities
making up the maintenance arrangements can be sub-
divided into those for updating, testing, and education
and information.

Updating

Updating is primarily a planning activity aimed at
identifying and making modifications in the plan which
are needed because of particular events which have
taken place or because of the accumulation of minor
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changes which have occurred over time.

The portions of plans most likely to require
updating are the minor items such as names and
telephone numbers and those items of an expressly
limited life such as contracts or memoranda of under-
standing. However, other needs for updating may also
arise which are more complex and which require that
some extent of replanning be done. For example, changes
in land use in the watershed above a protected area or
installation of upstream water control structures may
change the timing or extent of the flood risk.
Likewise, community growth or new development in the
protected area may modify the flood hazard. Even
changes in public attitude may result in a need to
modify plans so as to make them serve some additional
or other objective.

The appropriate frequency of updating depends upon
the importance of the portion of the plan being
considered, the penalty of relying on outdated informa-
tion of various types and the resources required for
updating.

Testing

Testing refers primarily to equipment, supplies,
and other material items. Examples of testing activi-
ties include checking inventories of emergency
supplies, testing gages and communication links,
periodic trial of sirens and occasional operation of
auxiliary generators.

The desirable frequency of testing depends on how
often an item is used during the reguilar course of
activities, its vulnerability to failure, the item's
importance to the success of the alternative, and the
resources required for testing.

Education and Information

Most preparedness plans depend to some extent on a
knowledgeable public. At a minimum, the public may be
expected to know that some preparedness plan and
warning system exists and to recognize a particular
signal. They may also be expected to know evacuation
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r'out es the I ocat ion of safe re,tlge..s and ot hei i if'orma-
t ion. Ioca I ot i cii I s iind cdes i gnat e(d p)art i c i pant s in

the operat ion of the alt rnat i ve are tistta I Iv expected

to have det a i Ied know I edge about So0ne part s of the

alternat ive and tte, skitI s i'(ces lV to ('oii " oUt t he ir
r() t e.

Assuming that peopIle hav ie kn i edavrid .-akn i I.s

would be i mp rud ent linltess t 11"'( is itln vdlcat ion i nd

infLormat ion pI)ogrim. Seveatl I :pes ot act ivit iv,, e l1iav be
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ness, t ra i n i ng s s.s i r is t'ol i ft ' i , Ilst. and pri(t ice

sess12ons.
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CHAPTER 3

CRITERIA FOR EFFECTIVENESS

The principal criteria for judging the effective-
ness of flood warning and preparedness alternatives are:

Comprehensiveness;

Real ism:

Reliability;

Accuracy; and

Timeliness.

Table 4 lists the aspects important to each of the
criteria and items to be considered in evaluating each
aspect..

APPROACHES 'To IMPROVING RELIABILITY

Reliability is one of the more difficult criteria
to meet. However-, the planner has f ive general
approaches available for promoting reliability includ-
ing: a) redundancy; b) separation of systems; c)
fail-safe design; d) detailed design; and el checking
and confirmation.

Redun dancy

Redundancy relies on having enough back-up provi-
sions for critical parts of the flood warning and
preparedness alternative that the probability of their
simultaneous failure is limited to an acceptably low
level. Examples of redundancy include:

1. Use of more than the minimally required
number of precipitation and stream level
observers and/or observat ion sites to guard
against unavailability of data due to vaca-
tion, sickness or ot her fact ors related to
observers or malfiinct ion of an automat ic gage;
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Proper tormul at i )n ot a warn i rig and prepare -dness
alterrnat iye requires a good knowledge of the area at
risk with respect to its important characteristics. For'
example, it makes a diftference in formulation of the
arrangement s for warning dissemination if the area at
risk includes an enc I ave of t)ersons who do not own
radio or television set s or rel igious or other
reasons . Or, for' i nst ance , what goes in t. e ct i ye
arrangement s for. evacuat i on may differ radical lV
between suburban areas where most families have at
least one vehicle arid central c-it ies where ownership of
a private vehicle may be the exception. As a further
example, resort. areas with high daily populations of
transients pose quite a different problem of giving
instructions about reaching areas of safety than do
communities made up of permanent. residents who can be
reached more easily through continuing education
programs and who can better comprehend descriptions of
routes and destinations.

It is also essential for the planner to have a
detailed understanding of the potential causes and
types of flooding against which the flood warning and
preparedness alternative is to provide protection.
Flood recognition systems designed to identify only
flooding of the slowly occurring type caused by
sustained rainfall can differ significantly from
systems aimed at identifying flash floods caused by
small intense thunderstorms. Similarly, the potential
rate of rise and ultimate height of flood waters
affects the time which may be available for warning
dissemination and response and the area to be included
in a response plan. Whether or not flood flows will
contain debris, their velocity and other characteris-
tics may all be valuable clues as to how the warning
and preparedness alternative should be formulated.

These various types of opportunities for error due
to lack of knowledge about the situation continue
throughout the fjrmulation and design of both technical
and other aspects of flood warning and preparedness
alternatives. The cure for these sorts of problems is
analysis and design at a level of detail commensurate
with the intendel importance and effectiveness of the
product.
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Check i ng and (ont' i rmat i on

Flood warning and preparedness alternatives must
often be executed ()i short not ice, at late night hours,
and under rushed (ondi t ions. These sorts of adverse
condit ions encourage mistakes and poor judgment . Even
simple errors such as t ransposit ion of numbers in a
pi ece ot dat a may have serious repercussions. And
despite other safeguards, equipment may' give erroneous
report s as. for example. an automatic gage that sends a
false signal due to a lightning strike in its vicinity.

Sending a warning message over the airwaves does
not assure that it will be received. Neither does
successful deliv ery of a message assure its import is
recognized and its purpose comprehended. And issuance
of a directive does not necessarily mean the specified
actions are carried out properly or even at all. Many
such opportunities exist for incomplete performance.

To guard against these types of problems, the
planner can build checks and confirmation procedures
into the flood warning and preparedness alternative.
Among others, these might include comparison of flow
predictions made on the basis of rainfall with those
based on upstream water levels, use of chains of
command to review decisions, separate analysis and
interpretation of basic data to verify predictions, and
callback procedures to confirm receipt of warnings and
performance of tasks.

COST-EFFECTIVENESS

The overall purpose of flood warning and prepared-
ness programs is to reduce the impact of flooding. As
noted in Chapter 1, the principal ways of accomplishing
that purpose are by improving safety, reducing losses
from property damage, and/or reducing economic losses
other than property damage. Tables 5, 6, and 7 list
some of the ways in which flood warning and prepared-
ness programs may contribute to safety and loss reduc-
tion. The extent to which programs can provide the
types of benefits cited in Tables 5 through 7 depends
largely on the length of warning time that is made
available and the nature of response actions which are
preplanned.
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IABL 5
POI I IAI. BtNi- 5 OfL 01-I1OOD WARNING AND

PRF1PARLDNFSS PROGRAMS
FOR

SAFELY

I vacuat ion ot haaA'douS areas prior to flood-
ing, thereby teducing risks to hot h evacuees
and re'scuer-i:

Provision of ear'l% alerts and any needed
assistance to individuals who are invalid or
handicapped. and other persons or or'ganiza-
t ions which requi re more than the normal
amount of time to evacuate,;

Provision of a basis for deciding the opening
and closing of schools. transportat ion of
students, and release of employees from work
so as to minimize exposure to danger;

Timely institution of appropriate traffic
controls to prevent travel into hazardous
areas and facilitate evacuation:

Deployment of personnel and equipment to
assure medical, fire, police, and other ser-
vices are continued and available to all

parts of the community;

Emergency management of gas and electric ser-
vices and other actions to avoid fire,
explosion and other secondary problems: and

Minimization of public health problems in the
post-flood period.

Not all of the types of potential benefits listed
in Tables 5 through 7 are appropriate for consideration
in evaluating the economic justification for a proposed
flood warning and preparedness program. Benefits relat-
ing to life-saving and such things as reduct ion of
hardship or anxiety must usually be considered under
the environmental or social well being accounts rather
than as a contri but ion t o nat ional economic develop-
ment . However, the list of benefits which do hae,- a
determinable economic value and should be explicit ly
considered is still lengthy.
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TABLE 0
POTENTIAL BENEFITS OF FLOOD WARNING AND

PREPAREDNESS PROGRAMS
FOR

REDUCTION OF PROPERTY DAMAGE

Movement out of the flood plain or to a safe
elevation of automobiles and other mobile
equipment, furniture, valuable papers and
documents, business stocks, harvested crops,
livestock and other property,

Protection in place of fixed equipment by
disconnection of electrical service, greas-
ing, wrapping and other techniques;

Protection of structures by sandbagging.
anchoring, implementation of semi-permanent
floodproofing measures, intentional flooding
of basements and other means.

Some of the benefits appropriate for consideration
are poorly defined because they have not Leen given
much attention in the past. The types of potential
benefits listed in Table 7 are examples of these.
Nevertheless, the sorts of benefits cited in Table 7
are real and do occur. In fact, in the interviews on
which the case studies in Appendix A are based, local
officials cited various items in Table 7 as the
major benefit derived from their flood warning program.
It is important therefore that evaluation not overlook
them.

the technique for evaluating the benefits attriiu-
table to reductions in flood losses are relatively well
defined in the case of real property. The usual pro-
cedure is to construct stage-damage curves for various
categories of property and to sum tip damages prevented
for various levels of protection. The same general
approach is applicable to evaluation of the flood
damages to property which are prevented by warning and
preparedness programs except that the concept of a
specific level of protection is largely irrelevant.
Instead, the lead time of warnings and the degree of
response to warnings furnish the variable on which the
extent of damage reduction depends for a given level of
flooding.
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TABLE 7
POTENTIAL BENEFITS OF FLOOD WARNING AND

PREPAREDNESS PROGRAMS
FOR

REDUCTION OF LOSSES OTHER THAN PROPERTY DAMAGE

Orderly shutdown of production facilitites or
modifications in procedures to continue
production;

Faster and less expensive return to nor-
mality, resulting in reduced unemployment,
smaller losses in sales, and less reduction
in sales taxes collected;

Prevention of undue reductions in property
value and consequent reductions in tax

revenues;

Reduced costs due to fire, explosion, contami-
nation of water supplies, sewage spills and
other secondary problems;

Reduced needs for overtime of employees for
flood fighting, rehabilitation and other
purposes;

Elimination of costs for precautionary
actions found later to have been unnecessary;

Reduced costs for emergency shelter, care and
public assistance for evacuees;

Reduced risk of liability for injury to or
death of patrons, students, patients, visi-
tors and employees of public and private
facilities; and

Reduced costs for flood insurance through
reduction in amounts of coverage required.

A computational technique for estimating the
property damage reduction component of benefit attribu-
table to flood warnings has been described by Day and
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Lee. Figure 1 illustrates the procedure in schematic
form. As shown in the figure, the key inputs of informa-
tion and data are flood plain hydrology, an inventory
of property, and stage-damage tables for buildings on
the flood plain. The stage-damage tables referred to in
the figure are for conditions of no warning (NW,
limited warning time (LWT) of 6 to 12 hours, and
maximum practical evacuation (MPE) corresponding to a
warning time of 12 to 24 hours. The "no warning"
condition is intended to represent the maximum loss
that can be incurred and the "maximum practical evacua-
tion" case is that in which all movable items are
evacuated. The accuracy of the overall procedure is
described by the authors as being - 25 percent.

The procedure outlined by Day and Lee has several
advantages. It is relatively straightforward in concept
and parallels the analytical approach used for evaluat-
ing benefits of several other types of measures. It
also lends itself to computerization to handle the
large amounts of data encountered where many categories
of structures are involved. However, the procedure also
has a major shortcoming in the arbitrariness involved
in establishment of the stage-damage curves.

It is clear that the stage-damage curves reflect-
ing various lengths of warning time fall between one
representing "no warning" and one representing "maximum
probable evacuation". But estimates of damage under
each of these conditions also depends on the proportion
of property managers which receive and act on warnings.
A family of stage-damage curves is necessary to encom-
pass variations of both length of warning time and
degree of response.

Moreover, the shape of the stage-damage curve can
be expected to vary according to the degree of prepared-
ness on the part of property managers. Property
managers who assess the potential for flood damage and
develop a plan to make the most cost-effective use of
warning time can achieve greater savings than those who
do not. This type of variation is especially to be
expected in the case of shorter warning times.

1Day, Harold J., and Kwang K. Lee. "Flood Damage
Reduction Potential of River Forecast." Journal of the
Water Resources Planning and Management Division. ASCE.
April 1Q76. pp. 77-87.
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The realism of equat ing no prot ect i ye act ion to
the "no warning" case is also suspect with regard to
its applicatiun to all situat ions. Except in unus1ual
cases, at least some warning apart from a local system
is likely to be available from generalized weat her
information issued by the National Weather Service,
environmental cues, and observation or reports of
flooding on the lowest flood plains. Again, numerous
assumptions may be required in the generation of stage-
damage curves for the structures under investigat ion.
Moreover, the correctness of assumptions regarding such
things as degree or response, preparedness arid sensi-
tivity to environmental cues may depend on the time
elapsed since the last significant flood in the area.
emphasis placed on continuing public information and
other factors.

Notwithstanding these sorts of difficulties, the
procedure for benefit analysis put. forward by Day and
Lee is useful. The critical obstacle to its fuller use
is additional information from field examples to guide
users in its judgemental aspects, particularly with
respect to the types of potential benefits cited in
Table 7.
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CHAPTER 4

PUBLIC RESPONSE

The overall effectiveness of a flood warning and
preparedness alternative stems from the combination of
those activities for which formal arrangements have
been made and the independent voluntary actions of the
public at large. It was noted in Chapter 1 that one of
the principal reasons for concern about the effective-
ness of flood warning and preparedness alternatives was
their dependence on appropriate public response to
warnings. This chapter discusses the types of activi-
ties dependent on public response and the means of
encouraging that response.

ACTIVITIES DEPENDENT ON PUBLIC RESPONSE

The governmental role in carrying out flood
warning and preparedness alternatives usually includes
responsibility for all of the important activities
associated with operation of the flood recognition
system, issuance and dissemination of warnings, and
maintenance activities. Any activities of those types
which are not performed directly by public officials
and staff are likely to be done under their direction
and in accord with arrangements worked out between the
government and individuals or private organizations
assigned responsibility. The accuracy of the flood
recognition system and the speed of the warning
dissemination process may sometimes be enhanced by
information volunteered by members of the general
public or by informal word of mouth distribution of
warnings and those types of public participation may
even be specifically encouraged. But flood warning
arrangements seldom depend on them for success.

Preparedness plans differ significantly from
warning arrangements inasmuch as they frequently
include some activities which are to be taken by
governmental forces and some which depend on individual
actions by members of the general public for their
performance. The division of responsibility for the
performance of activities between the government and
the general public can vary widely as well as the
extent to which such assignments of responsibility are
explicitly recognized and formalized.
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As noted in Chapter 3, flood warning and prepared-
ness alternatives should be comprehens i ve with respect
to planning all of the response actions pert inent to
achi eying their- object ives. The performance of
participants in carrying out those act ions should also
be formalized to the extcnt possible and made binding.
If this is done, the only act ions dependent on
voluntary response by the public are those for which
binding arrangements either cannot be made or are
impractical.

All of the preparedness act ions to be performed by
governmental organizations are subject to coverage
under some type of formal arrangement . Thus, for
example, decisions by school administrators or
municipal hospital officials with respect to responding
to warnings need not be left in the domain of voluntary
public response. Even the role of certain quasi-public
and private parties such as the Red Cross or 1 oca I
contractors who might be expected to assist need not be
left to chance. Formal arrangements can be developed to
provide for use of their facilities and equipment or
for performance by them of particular tasks.

Those things that remain dependent oin a %oluntary
public response are so because of one or more of the
following reasons:

1 . Specific arrangements for performance are
impractical because of the large number of
parties involved-

2. Authority is lacking to require perftormance;
or

3. Capability is lacking to enforce required
performance.

The two principal activities which depend on
public response are evacuation and protect ion of
private property. Of coo rse local government s ('ol d
adopt ordinances re levant to these mat t ers. lor,
example, an ordinance col Id requi r'e evacuat ion of
certain areas pursuant to a declarat ion that some stage
of emergency existed based on flood forecasts. But t he
most likely benefits of such an ordinance would be to:
a) provide a legal basis for the forceful removal of
part ies who refused to evacuate voluntari ly and b)
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make clear to residents in affected areas that those
who refused to obey a directive to evacuate would bear
the liability for any costs or damages in the event
rescue subsequently becomes necessary. There would
obviously be little potential for prosecution of those
who refused to obey the law and equally little chance
that forced evacuat ion could be successful with more
than a few people, especially in cases where warnings
p rovided only minutes or a few hours for act ion. Fhe
same sort of enforcement problems would attend efforts
to require by law that private parties take action to
p rotect their' proper ty.

ENCOURAGING PUBI IC RESPONSF

Given t he types of obstacles described in t he
foregoing sect i on . the key to effect i ve public response
in the mat ters of evacuat ion and protect ion of private
property is the provision of sufficient informat ion so
that a rational decision by individual members of the
public in the protected area will lead to the desired
action. [his has direct implications for the construc-
t ion and delivery of warning messages, content of
preparedness plans. and educat ional and informat ional
efforts .

Warning Messages

The warning message is the major means by which
public response is generat ed. Of the many considera-
tions affect ing it s makeup , t he most i mport ant a re
clarity, cre(ibility and impact of delivery.

Warring messages must clearly instruct the message
recipient as to what ac' ions are appIropriat e. Ihe
capability of conveying inst ruct ions depends first of
all on the means used for the disseminat ion. Sirens and
airhorns are particularly limited in this respect . It
plans for, their use are accompanied by a cont inual
public informat ion program, the use of patterns and
tones of sound may serve to distinguish a flood from
another emergency or' to convey the ser i ousness or
urgency of the threat. However, in most cases, use of
the siren is intended only t-o awaken people or get
their attent ion and cause them to turn on the radio or
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seek other sources of information about the nature of

the emergency. And, of course, even strong educational
programs are unlikely to reach transients in the
community and certain segments of the area's permanent
population.

Radio, television, announcements over public
address systems, and person-to-person contacts enable
delivering a more complete message. But the message
must be carefully composed. The two following hypotheti-
cal messages illustrate poor composition:

MODERATE FLOODING IS EXPECTED ALONG THE CASPER
RIVER TONIGHT. RESIDENTS OF LOW-LYING AREAS SHOULD
PREPARE TO EVACUATE.

THE CASPER RIVER IS EXPECTED TO REACH A CREST
STAGE OF 38 FEET AT LOUISBURG NEAR MIDNIGHT. BANK-
FULL STAGE IS 28 FEET. RESIDENTS OF LOW-LYING
AREAS SHOULD PREPARE TO EVACUATE IF NECESSARY.

Neither message conveys much information useful to
the average recipient in determining whether his or, her
location is subject to flooding, when the onset of
flooding will occur, or exactly what should be done
other than "evacuate." Compare those messages to the
following:

THE CASPER RIVER IS EXPECTED TO OVERFLOW ITS BANKS
AT LOUISBURG LATE THIS AFTERNOON. FLOOD STAGES
WILL INCREASE DURING THE EVENING AND CREST
ABOUT MIDNIGHT. CREST STAGE WILL BE ABOUT 10 FEET
OVER BANKFULL LEVEL. FLOODING WILL BE APPROXI-
MATELY 3 FEET HIGHER THAN THAT WHICH OCCURRED IN
OCTOBER 1Q74. ALL AREAS BETWEEN THE RIVER AND
CARROLLTON ROAD SHOULD BE EVACUATED. RESIDENTS OF
MUMMERT ISLAND SHOULD EVACUATE BEFORE THE WHEELING
CROSSING IS FLOODED. A RECEPTION CENTER HAS BEEN
OPENED AT SNELL SCHOOL FOR FVACUEES.

The information presented by this sort of message
is far more helpful tG listeners in determining whether
the message is intended for them, the extent of the
threat, the timing of the threat, and the appropriate
action to take. As might be necessary or useful, the
message could ;ilso instruct the potential evacuees on
steps to take to reduce property losses, the highest
and safest routes for evacuation, and other points.
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The weight given t o a warn i rig message by a
recipient also depends to some extent on the credi-
bility of its source. Studies show far- more weight is
given to warning messages attreibuted to highly
respected organ i zat ions or i nd ivi dua Is. Thus, the
message described in the preceding sect ion could be
strengthened by attributing the predict ion of flooding
to the Corps of Engineers, Nat ional Weather service or
some well known state or local agency. Similarly, the
ditrection to evacuate could be stated as coming from
the local civil defense agency, the mayor, or' some other
immediately recognizable source.

Warning messages can also be given import ance and
credibility by the manner in which they are delivered.
l'he appearance of a uni ftrxmed police officer at the
door wit h a message obviously gives impact to the
message's content. Other means of showing official
sanct ion of the warning message include its dissemina-
t ion by publ ic addr'ess systems on police and fire
vehicles and use of police or other local officials for
making announcements over radio or television instead
of station personnel who happen to be on duty.

[he importance accorded warning messages is also
influenced by the context in which they are presented,
particularly over radio and television. Announcements
which are only summarized, treated in a casual manner.
arid sandwiched between regulat' programming are unlikely
to generate much response. Special arrangements with
radio arid television stat ion operator's are usua 11y
necessary to assure proper handling ot warning messages.

Warning messages also gain importance by repet i-
t ion. Also, of course, a single reading of a lengthy
message may not be sufficient for listeners to compre-
hend its total content. Repet ition as applied to flood
warning messages has two meanings including: a 1
repeated announcements of the message by a par't iculat
source; and b ) announcement of t he message t hrough a
vari ety of mediums. Caution is necessary to ensure
exact coor'dinat ion when nsi ng several mediums. Con f I i ct -
ing messages to the public destroy credibility, ceate
confusion and lessen response.

Content of Preparedness Plan

The deve lopment of pr'eparedness p1 ans and t he
construct ion (if war'ning messages which mot i %-at at i()n
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in accord with the plan must ant icipate and answer t he
public's concerns about the des i red act ion if they arev
to be effect ive. For example , many people (all be
expected to be reluctant to evacuate for one or another
of the following reasons:

1 . Concern over vandalism and,, or loot ill-g of
unattended homes or businesses;

2 . Concern for safety of children at school and
other family members away from the home;

3. Lack of a secure location for storage of any
items which are temporarily relocated:

4. Lack of a safe and convenient dest inat ion: and

5. Lack of transportation.

Ident i ficat ion of the range of concerns I i ke 1.% t0
exist about evacuation or other desired act i on-, gi1
insight into the necessary provisions (t the prepared-
ness plan and the required extxl anat ion ft t h.os e
provisions in warning announcements.

Educational and Informational Effort,s

A variety of educat i onal and i ntormat iona I ttort s
can be helpful in securing tht, ptibI it act ion o .desi red int
response to a particular flood threat . lhe.se act |vi it'
can be divided into general educat ional and infima-
tional programs, provision of immed i at e p'e. - t" 1 m)d
information, and provision oof post -fltod iit vrmat ion.

General educat iona 1 and in formal i ona I p rgrams,
conducted on a cont inuing basis are nrcV..ssa r'N t o)

develop -public awareness of the flood ha/ard and the
flood warning system. 'rhey may also serve numertu.s
other purposes such as explaining the meall i o t"
particular warning signals, acquaint irig peopl e wi it I tie
actions expected of them during a f lood emergency and
providing informat ion on how to protect property vrom
damage.

Ongoing programs For genera I educat i ona I and
informational purposes may incu I de pitbI i cat ion ai1d
distribution of brochures, direct mai lings to owners
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aI d mana gers t ,propert i (es ii f I ood pr'ole aitea s , ic 1 1-

sioil's of i r.-et s i II it i y itv 1) i I nIi ngs, . pu bl ic serv ice
spot s or radio and t c I ev is 1 ()n , all( I pul I icat ion in i
newspapers oft stch t h i ngs ais maps ot areas affect ed 1 y
various levels of' flooding. General pojgrams (an also
include more direct appro)aches such as publ ic hearings.
training sess i ons an( pro\ ii n o," t echnica I
ass i st ance to p'Op)e'rt 'y own(e'rs in plailni I ('ont ingency

act ions for damage rduIct ion.

I he Most important item tl i nformat i ol in t he
immediate p re-flood per i()d i s t he wairni tg me ssage. II
genera I educat iona I and i nformat i ona I programs were 1 00
percent effect, i ve, that m i -ht be a I 1 t hat was requ i red.
However, it must be expected that a significant port ion
of the commun i t y on ly pays heed to such informat ion
%hen a crisis is apparent. And, of course . new resi -

dents in an area may not have beiefitted from ongoing
education and information about the flood threat . A
need therefore exists for the provision of information
and instructions in the immediate pre-flood period
concerning the appropriate response to warnings. Among
other items, such informat ion and instruct ions might
cover evacuation routes. safe destinat ions, sum.,,° ,'iza-
tion of the preparedness plan' s provisions for se urity
and safety of school chi ldren . means of damage redoc-
tion and suggestions of items to take when evacuat ing a
home or, business . I lie detai I of such instruct ions and
informat ion and the means of t hei r (el ivery depends on
the time available.

Actions taken in the immediate post-flood period
can be important for both safety and loss reduct ion.
Information programs to encourage appropriate pu)l ic
response at that stage of a flood episone might deal
with safe re-entry of flooded structures, salvage of
damaged contents, decontamination of water supplies,
vector control , disposal of debris, and ot her related
items. They might also include information on the
availability of temporary housing, making appli cat ion
for federal and other disaster aid. filing insurance
claims, and sources of other types of assistance.
Dissemination of this type of in format ion poses fewer
problems than the case of pre-flood informat ion. Alt er
the flood, most individuals o f whom a part iculI at'
response is requi red are 1 ike I y t o be recept iv e t o or
seeking such i nformat ion. With the except ion of
cautions about immediate dangers such as re-ent ry of
flooded structures, simple avai labi I it y o f pI i nIt ed
information sheets may be adequate.
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DEGREE OF PUBLIC RESPONSE

The case studies described in Appendix A provide
some informat ion about the extent of public response to
flood warnings which is to be expected. Based on that
information, it appears that it is reasonable to expect
60 to 80 percent of the people in a threatened area to
take some type of protective action the first time the
warning system results in issuance of a warning. A
higher percentage of participation, perhaps as much as

)0 to 95 percent, is likely to occur in the next arid
following warnings if: a) the first warning proved to
be accurate and those failing to respond suffered
damages; and b) the period before the next flood is no
more than a few years so that the memory of the
previous experience is fresh.

However, it should be recognized in assessing the
experience of the case study communities that each
warning system described except that for Wise County,
Virginia, was established following a disasterous
flood. Some preconditioning, therefore, existed in most
cases which made residents sensitive to the possibility
of flooding. In those circumstances, the extent of
participation experienced in the first use of the flood
warning system might be somewhat higher than for a
community which had not experienced serious flooding in
several years.
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CHAPTER 5

SUMARY OF EXAMPLES

Appendix A describes six examples of flood warning
systems in the United States. Each example is described
with respect to the physical setting, nature of the
flood problem and features of the area's flood warning
system. Descriptions also address the views and
experiences of local officials and others who are
responsible for operation of the systems or depend on
them for protection.

The several flood warning systems described vary
widely in their organization and mode of operation. The
most obvious difference between them is the approach
taken to the flood recognition component. The means
used range from predictions based oil a few observations
of precipitation to sophisticated computerized analysis
of several types of data inputs. While other arrange-
ments exist and still others could be conceived, those
which are presented constitute a relatively wide
cross-section of existing practices.

Some general observations are possible based upon
the investigation of the example flood warning systems.
These include:

1. Flood warning and preparedness programs in
all of the cases investigated are seriously
deficient in terms of measuring up to all of
the desirable characteristics of protective
systems described in previous chapters of the
report. In particular:

A. Excepting one industry which has
developed a flood preparedness plan, all
of the systems are unbalanced in that
attention has been focussed on flood
recognition and warning with little
consideration given to development of
formal response plans;

B. None of the systems evidence design
which provides the degree of detail or
the explicit consideration of relia-
bility and other criteria described in

Chapter 3; and
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C. All of the systems depend for their
success almost exclusively on the volun-
tary cooperation of individuals, busines-
ses, organizations and/or governmental
agencies and little attention has been
given to their formal implementation in
a legal and institutional sense.

Notwithstanding their shortcomings, the
systems investigated function adequately and,
in some cases, have resulted in very large
savings. This gives strong reason to antici-
pate that protective systems designed in more
detail and which are more complete can be ex-
pected to be more effective.

2. Specific planning for preparedness increases
the monetary benefits which can be obtained.
For example, experience at the Sprout Waldron
plant in Lycoming County, Pennsylvania and
the flour mill near Elicott City, Maryland
(Howard County) illustrate dramatic savings
in the extent of losses resulting from flood-
ing associated with Hurricanes Agnes and
Eloise. The reduction of losses in these
cases can be attributed directly to specific
preparedness actions.

3. Warning systems need not be expensive or

complex to be effective.

4. The benefits which can be secured from flood
warning and preparedness programs are diverse
and include:

A. Reduction of hazard to life through:

i. Timely evacuat ion;

ii. Improved decision-making on release
of employees from work and release
and transport at ion of school
c 11i I d r v n

i i i . Act ion t o prevent t rav I i [it o
ha/ardotus areas:

iv. Marshall ing ot manpower and equip-
ment for rescue . medical at tent ion,
and ot her emergency services;
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v. Emergency management , as appro-
priate , to cont inue or curtail
operation of water, gas, electri c
and other utility systems;

B. Reduction of property damage through:

j. Movement of property to safe eleva-
tions;

ii. Protection in place of fixed equip-
ment;

ii . Protection of structures by contin-
gency measures;

C. Reduction of costs other than property
damage through:

i. Minimization of business losses by
speeding recovery;

ii. Better scheduling of emergency
personnel;

iiii Reduced needs for flood insurance;
and

iv. Avoidance of costs for unnecessary
mobilizations of manpower and other
emergency actions.

5. Even simple flood recognition systems can be
highly accurate if properly designed.

6. Public response to warnings is not likely to
be high immediately after initiation of a
flood warning system if no special efforts
such as those described in Chapter 4 are
mounted. However, public response becomes
very high after the first case of warning in
which parties not. responding suffer losses.

7. Flood warning and preparedness programs are
adaptable to a wide range of situations in
terms of physical setting, rapidity of the
onset of flooding, nature of area at risk,
and financial and technical capability.
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8. Flood warning and preparedness programs c-an
serve various purposes including such things
as assist ing in overall water management in
non-flood periods, and as a core around which
other disast.er preparedness p1 ans can be
organized.

Q. Flood warning syst ems can be successfu I IV
organized and operated under a var et y of
inst itot ional arrangements inc I idin g by
general purpose governments, special purpose
districts, and various combinations of govern-
mtntal agencies and private sector entit ites.

10. Flood warning and preparedness programs are a
useful supplement to flood control works and
should be part. ot all well-conceived flood
plain management programs.
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ti p' i el 1 te a , v I an 111 ;aI t -e ot P( I i i t c~ I ct \ c O i 1.t team.

I it a2e at SI eIIt r;( I VIl -,s s Iwil t'V i' I ~ Ig t I lidwla O ia t

tIf( Ct I p ooetIi -(' c a , If (a t i to 11 v --; t ma I f Ie o Li ilI a ill ;tn

if I'o I oat onh t hei I I i t i e s (.%a (iI.o t a i ti t 1) 2 1it il)

t o t '(It at al po s n I I -e St at I I I \ I I11 t i (-Iii (

I i'I' C I p .it f I o t Ia Jiiis pro ( III te I cilli i Ill'w SVoit ('t Is-

atI I ' I 0 * udit s af I Itg t hI', st rlea al~ il t It he l' I'I \ pI I t lIc

F1tthIw I ~ oil(, o~ S( 11 t ln ,I I' I 1111( st I arm s i i(.I't e si a t t

ml tIllIif m cd t t11 I I II J~I Itc I t 11 i it I itit~ I ti o I I t Ig'

ti 1~ i'lt, l ica 1It I it If.lsl ti tt i I tIe1

111 Wd'i il Dc .SVls an t (a'l enatI' Pot JI i c 11 o' I, killy pic ie

o I1 I )re i (I t t a t V I il t Ifd I a I tit t,-1oI I I - -ep il t IS I I s ( I .t Il

;i' Ipel ( - (ikt - (. iI (,t. c g'd ~ t lit (Ilmttuh I I c \i I I g i' g esdgu'nar ~ w a

i ito roc dllve -; i I s ( -a I t I- 1F tII Icasi .elc l ai
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Mlaryland, which is do rwnsttemim ul o I I ((t t C it ' t he,.e
warning t imes are extended about an adlit itiat 12 hunti .
Depending on their location, (t her dve%'loped area ill
the couinty receive general ized wartni i t based n i int .-

mat ion from the National eat her >evr i ce or tmore
spec it' ic warnings ba.-d on I ot I inl'iormnlat ionl t hat
fIooditig will occur, but W it hiout predict ion t' a
specific crest level.

Flood warnings generate d t hroiigh t he s'vst em are
i ssued to the f i re and polI ice depart ment s . (oLtlit v
officials, the president of the Ull icott ('itvy Business.
Association and to severa I downst ream count ies. I ach
fire station maintains a ist ing of all residences in
flood-prone areas within its district. 4a- nings are
disseminated to occupants of affected aveas by sirelns
on emergency services agencies' vehicles and by knock-
ing on doors. The Ell icott Cit y Business Associat ion

alerts business proprietors in Ell icott City. In
addition, the Red Cross and county school system are
issued warnings so t hat advance arrangements can he
made for sheltering and feeding evacuees. One inst a I I a-
tion, a large flour mill located in Baltimore Count v
across the Patapsco River from Ellicott City is pro-
vided warnings by a special arrangement bet ween the
mill and Howard County.

The original cost for purchase arid instal l at ion of
the flash flood alarms was approximately $3,.000 each.
National Weather Service provided two of the flash
flood alarms and all of the precipitat ion gages.
Howard County bought the remaining two f lash flood
alarms and installed the river-level gages. Mainten-
ance of the flash flood alarms costs about $500
annually for each unit . Operat i ona I costs for the four
flash flood alarms include telephone and electrical
service. Charges for electrical power are about $24
annually- and are paid by the county. Charges for t he
telephone lines connecting the four alarms with the
Communications Center total approximately $3.200
annually which is paid for half by tile county and half
by federal funds passed through the State. There are
no costs associated with operation and maintenance ot
the plastic precipitation gages except occas i onal
replacement of a gage broken due to freez i ng of
collected rainfall. About one-half man-day per month
is required for overall maintenance and test ing of t the
system.
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Vicvt..t; tI, I ()(,'a I Of V i ( i a I-,

Howard (otit v ti % i I De'etise. I lit, ojierat in Itto tihe
is~t riirg, sx'st emt pirov ide cib- othI safet %. to' i r'-e.s i decri t s ini

thte corit Y mnd (Ippo rt (lit i t i eS I -1 tedttct ionl () IJlje' v
(Ili mnages%,- fat, (t Or en iit e d aic t i o n.-;\s wii -I it ax e t aken basecd
OILi Y) nioitat 01 oi rom t he \si'iir i it, -; YV- t e i inci I midec eactna-

at i oil o1 f f I (1 pr-oro atreas . dec i s i (iln-milk i ii- 00l Pt I ca e
o, ('hi I (Ieui fromi -s'hoo [ . cutit ai I mlerit o, --as. wat o' anid
(elIect r i cat I Lt iI i t 'V ser'\ ce r i areas t () he c I o ode(.d.
pl acemenlt o f poI ice. aid t( i re cre 'w s on s t aixldlIv alid
protv i Si oill o f ad\vice( t o t Pvile I er's . 1)ama''e redrict ionl
aut i %ities enfabl 1ed li) the( 1 ln i It(c I oide c% actiat io ()ItoV

\ehI i c I es anitd ('(lit erd S o t, Ie -s iI (e IIce an, t td b t s i n Ie.-;ses- ;
prc;f ect i on otf Ii vet-st o c'k in I rIora - I a (iteaS . mlovemenW~t o'(f

I harvest i-d cro ps-,. i i t'o 1t e ct i on1 o t 1)1)1 I c(I tqI i pmxin-IIt It
Ba It, i more C'o i intv ttOne o t, thet,1 Ii _- tes t inIIs t aitces f I

d t imag e Pedirict tori r'estrI I ts f'rom Ix ,Ici O(it IO tt i I I tot shed
prodtrct s at t he( f I onl ni i I I I lie 1pedluct ionl o t sa t fe t
liro) I emsn- and propert damagesa. itIs o r-e d IIcets 1) t11) 1 c c'o."t sI
tor c' I e;r tip11 . 1,es cIxIe . dcox it anti riat i oni o I' %at er m a i i s

and (It her it ems-,. I tflport anlt s;i d e bene Ift' its (. ot *th sv -\st em11
a Ir -e thIIe sen,)s e oIt, s e ct r'II i t prox i (led to (I(litlit , v Il's- i (lent 5.

and thle ir coxit id(erite t hat I oca I ,o\vernnexit is t ak i rx c -

t ionl to pr'ot e('t t hem.

[he w avri in g.Vste is t houoght to~ be \cr xvxeIi ablIe
sI i('c al I I(co mrn itt i cait t Iriis 1) t v I eph)11orie a re hack ed ipl by
ra d io t) iad severa I perisons c tri in itke fI 1(10(1 to(wci-,t , i

rie('esS itPY . A Sell OP o (di spaittc I er TItrnl i I i I .x %% it It ((perat i (mt
of t he S VSt eni7 i S of) d IIt V at thet( ('o1mxn1rrn i Cat i M(It (exCIt ex'
arotind t he r-'I (i(k . F I ash Iflood at I ims-i r It( (x'l(r'at c'
tailI -satfe de v icevs hut t i 1 a'y .e(,It .hik\ e beei I 0 0
potenlt o pe ra t bo ta I at all t inmes s i lice t he i r i -it all a -
t i Oil . Persona ll'(t i act by J, i rextmer w1% i t h x'os i dentt s-
lieed i ig, to evactrat e asstires br xulftil!s- axe' 'e'Ce i\C Midat~
1rinderst o1(1(. Accix rac v (It thet, 1()(I warni i rig- -- s\ -t ex-ini --s

V e rI V gulti w Wit hi respect t oI hot 11 t ie( pied i ( t ed ('lest
vt a a and t he e st i ma te d t i nil, t I 1(11~t a vr Il

Pt t)I i ' react ion)i t o t lie svne has.- beeni ('\(' I1 er(it
mc I I I inm, se'er'a I verv t v(I~ o netws1citcvi s t orI iecs- po i xit i rig

(mlIt i t 1 I)ler11e t, i t . Bot 11 1 oca I oI f i c i at I -, ariI mnihe rS (IIo
the -oenmril I prb hI i c cau I I t requerit I v for1'upd at es- (Iii cri -

(Ii t i ()in t We i rt i 'i i s oc(c('lr rP ig,. I Ie( c x ec i it i % c bhr'ancit I I
#0 f (I)IJIi t N allot'ifh'it~ ri t lit, ('(llrt N, ('(iii( i I -iv d llk

t a%~ 1) 1 -a) I I\ on it t i nrkit' i rig I v s s t vemn. i InIc I I rd i r "ig I w I r ri-
fit-i-v to f tririd) ;Il I I )er'it i olrhl I Cotst I i ri t hit' CN('lit t''e x' 1IVI.i
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(,o-t shllar- inu ttlrds; kere not ava i labIe. Publ ic c redi-
t)i lit v rd t he s"st em i S 'v i d en i by the fact that

S 're iuas a i ii 'ipO it tg ) Iarni ti (it flood inig firom
ullrr i cane f I mi - , in i17 . As a result , moving of

('(Ill i liei t an( () t eit s of" st rt'l tires iniade a hi ghl v
i ,IliI 'icant rtcdhuct ion i t'l 10o0( I sses.

I. 1 Ic ot t ( it\ Bus i ticss Assoc iat ion. I I i cott Ci ty
\,s total ly unpilepatd fotI t lie 1072 f I(11odi n - which
r se It ed from lti Cr'r. i cane Ag nes. 1%i thout any warnin g.
merchants (i id lot it i i pate . I oudin and made no
at t empt t() mo \ e ioord-, I rom t he i r busini(ess places.
11I most all I)us i nes.s sI o ks vere Ilost and about ' months
I% ce ,eu i red for' the cit,\ to recwver and for business
t o perate novma I l Y I n (.out past., a warnin- was
rce i ved about I I : 00 o 'clock the ni ght before flooding
f'rol il rr i (arle L lo ise. About 75 percent of the mer-
chant s in the t'lood plain responded to the warning by
mox i n,- their piroperty ass i sted by volint eers from the
commuIit v . By t he time f looding beg, an at 4 or 5
ScI ock in the morn i ng, al L ot tie mer(hants who had
made the effor-t had saved it I ar'ge part of' e i r stock.
-t ores were(, opened for busi ness within a couple of
weeks .

Experience diring t.he evacuat ion sho(ed most small
shops could be cle ared of va l uab le items in about 45
minut es. \ler(chant s i n the commun i ty are not very
sensit i % e to the flIood threat and an e ven higher
turiutt is expect e d the ne xt t i me t hat, warn i ri s are
issued . Illeurs i tIess A ssoc iat iI believes the syst em
is very rel iable and accurate and o(es into action to
spread warnings as soon as they ate received.

In addition to the reduct ion of' flood losses, the
warning system paid off through the saving of lives and
taking the ten.sion out. of' flood situat ions. Ihe flood
%arn i rig sy- tem is t h()glit t o) be a very %ort IIIhi le
I rnvestmerIt 'Ai i ('11 me1Chant s on I(1 rat her hl veit\ t haln alny

ot hern isurance ott tle it I)115 i res-.

Ilowat (oI o nt v Depar ment ot P11i) l it - W o rks. I he
t' I a I t ' )od I tIninI syst em has h een arI c v IIent i tIvest -

me i t f tr tHlaI(Ci (r r o nt y . I ha s c hanged(I bot I t lie

(lamaLes and dlan-ers posel by 1 1 ,:rcls . -Ioo(ts pre ions Iy
),,I,'II v'tl \ie 1)pe ct c (I I o wit ih ve y I i t t I ( warni rig.
\V os. m(-i t'FI l(od p'oie areas are niot it i ed we! I in
aldv I('c (it ani (ir)i m i rlig , tI o d
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Ih t iii t\ himm , \I cIi ' ( ,Ip 1 l telY i i li ato I i t rl it " 't wil

I I , ( it I i t lt' ,. .. ' . (im ,. t,\ t It(. i t ' I l ' Iitill u
p r o \ 1 i (1c d( b .\ t t( - . (.. 'ill I it p , )1 , c .%\III I i , '(I i n 1 '-

1 I(11-, % ''% tt , ti I '1( lI, 1 ( i . I itI I\ 1ttit litt i it'l I ttli- ' t

ni1t tl' ' i i n I i I II it ( It \' I t ' 'i . I i tl i t l' tl (;Ii i i t1 k

I I'I ' I t I' 1 tt 1 ( v it.( I,,,", toi< t I'a iii I t I Ii'- I a I I

\,,itii l e i i t l t' i'a , I al~t +i< ) ttii I\ < ( (imai' R' I vi' il ti('

I nt, i I ,,-, i t -- I til .n t ' l+ Git Itt i i1 ' R , ii ' • aI I u

3,1Xx IR~ t ,l I I t1\ '

\1' '.- t i i 1 , t - I ii Ra in t Ih -Kt\tI . I i

(I 5 i- Ilt t oill tic I l lt II li ltiti itt t h i' ( I)(1hl 1l0irldet -I

-,t inl . d i It'(i li i r' i rig I Ito o o lit i t m ati" i ri I I ii li e

siiiflmn r' tri ar'- a -i t I' I 'n t il e ;rnt

Irl ( I t 1I (I ji t i liii I at I 1 tl 1 rid i ti m I i' ti- I(n t' I I li s
i ' i ii t I " I I I i Ill I' I ' itji ( aii I K i fi l(d

liti ri i '(l'aies t i t o (.Il ' I ( 1i )i I - R tii 'I- i, I a '" I ( ari-

1t 1 )' e I ' t I 1i ')llt 0 1,i (-I- .i n I lip ' t 1 ll %,
rlt i at e tV ) a 1 - ' I l Dama g ( agt e I "i It ti i I l- t ;liI I tIoII

Itihi deve I I opmI t Is II r1 I ew B I oanf l 1. m 1 11 ovrt low

ti t '(t ' at. I east IrI ")1 I I I i New Brailti l I I I lia Ise( ;I 11% I I ll c I I-, I c I I I < - i il Il I I I I I ' ' )Inl( M i l

(l r'H da g ti a v t reet s ar 1 tid Iti I r is. I I ge'
R i \ tIat ( - (I;Iii( i I D li it it (I "i c)itl i Ie ( t pp r )lii rl i t (e I 1\ 0)-

,lt-'i (IIIi e i c.- < I "I ll'C'it dlrit i unc'd h.\ lit' ( o1i1 I K i ei' andl(

-- I11 i e€te t,-; (- ek If i~ ll( ,\- i

A\ lilliia I it i ilt'fit I I i it th 11 ( iiti u d lil) K i \ I, ' I Ba.- i nl

it I.' i -, I* i'oml abo<lll t ] 7 l o 7 i llc'hc. +, Ra i itlCal I I i s

m i t'-;l r i hII I (' f i r I t wc I t ' t Ill. onl. .t ' i -e y lil I t 'ei' I Rtilde -
St olnI i ta l> I)-, 'OCC lV (It I ' il a l it I n T llith II h llt ma iit y il[I t he'

sl l m ( itII 1 kIl(I i~ Ii t, II i I" t -'t i t)i~ ( t' t Ih! , ;I + i Ii t I ]

p t+ec i1) i t at i<)l on Iit t c t lm t+ t
•  f) l(I itlt I .lll Il " I1 , i i f I I i s

OC'(ii..,i o>nit I I ,v ic rca'' sed( -lpre t I) Y h t r'opti ca I -- t or1ni1. o f,

IhIlIt'. I i c ;it f cs t,1It a t Rio\ c, i Ii oill Ill< I owe , I. I c\ as ci l s t. a 11l(t

t.Ilr've t(
+  

n Ir. It hwat'(I.

I- 100d i 111 ()('('llt t'S f ,(lit'iCI V il 11 < t 11 ( ii k Mid( Ca'Si1 CS-

M(d)j(| t~r ,V- t, () S -;(V C t ( id i M it g 'S (( o t11t' i ('11 1 11 tIII l I I ;iI s ~I Id , it1d t ()

I I I .) iI I dn l'v I ) )Me 1 t s i ri New+ Braunfels. ,nia II o l(i t] wis
OCC[ 11 a It vast 1., i fn itit it I I v i it N(- e !,% 1t- it i t t I s+ itint ( c 11 it ., (t s

m i nor d' t ma _- c t,> o Y i 'd . , t Ireeot s' it it( d ' c .) i ItI g: s I1 a ' !ti i

t'lIo<>ds, tha t cail el .,I ini t'i caill. t ldamage( t oIII. ii') iil n l , - ,]v )l-

me il C s. oc c . t.r1i' <n lt, I it e vite o| f v v- r y t-1 0 years'. R v c'e n t
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t53. lt7.1 h7 2 -atnd I~)7

Pt i Itt' t o t hei 1 07-,2 1t 1 (1. t it I o ia I I-ai (I i -S t a t iI)

c i I'tti it o Iu itce i st o ot ite IvN ( 1t) se I -v e(I t lie I (.% (t I ut1

st r'eants i it t iti' (omfltir i t NV ltici1 IleavN via ills m (I rit-et

iOSi' d(li 11- it I* I toitd (.il I(I hei clea It w4 it t sii-mcc.,'s I'll I I N
by ex erniior'dtetii.-.; at t t)i)

I IlashI tt oitd wait -IIi igs I'o I t It(,' (.%A M-alterti I
%. t C. i it i t yV ht i itt c(l I(1 1)e it'rtv i (Ite ( Ib\ t he' Nat i rma I
Weat iel' setrv i te were.( uieces!sat' i I y genlevi I i ,u'd cutle t o ait
I iitk o1 (l et a i I ed( i it foilmat i o00 ()it ti it La I I occ('i t-i n g i it

t he (Ira i riagv areas be~t ween Canyon Dam, aind t lie c i t *v .1
S i rice fIo o d i ng - (-()ii I (i beg i n ini N ew Bli -t it fi I shovt Ivy
kit ,erv thet beg i rln itig ofI itenise ra in rs in tie 1o I ps t I ea il
atreails . (IVen I the1 genleralI i /edl warn1iI r- r, \,h i (-It were i s ItIec(I
Itit I lit tlIe t itille fto t evatitat ioil o 1 1 pirs otIIs or I r- et-

it o f 1)r op)e rt Iy i i Ilow-i v in rg ar-eas.

Dil i rig the( nig-htI. o f Ma ' I I , 1072 , i tit i'nse r'a i s
caused at sever-e f t ash I'I o~i)( t Ionrg t hel Giiada I ttpe R i vet
Co malI Ri ver and I iI i ec r (Iei--;Cr, ek . e4verit er people wi'r't'
k i I I ect at Ne-w t ~ritirit 'e I s 1) y I he FI 0(1( anid dainagi' i ii t Ill.
commliri it N wats est i mat ed t o be ap;pr'ox i mnat c 0'v$ t fi i' hI Io
to P)r i i.e pt-opet'ty $ ~2- "S ti i I Ii otm to pith1 tic Pr1) eI't , v
arnd art acid i tI ioia I I itr.ge buit tiiidet erm i lied amount dole t o
(I t ma ge an rd (IestC rit-iict i o it o f s t ret, s an i t i (1)-iI -,es tv erI a
Yer (IitaI is vt'it i red tor, t he( (iittii it y ti o ri' pa i v I o 0(I

damages1 , restI o r' a. t I Iso'r'v i tes and rtie or-ml Iope'a -
t i ortIs . Some I 50 j obs we vI -e l ost timatterit I N as a rest, It(

itt t fi I I o Wit(1 lj it Lit tI I ot. wit Ii t ijtd _'list aI et ttIt v v

I o -sfes det i cled t o c I osec ivat heri I han mit k e I Iti' ro'pa i ts,
netessary t I r'sitt otwy'at i ons

I it I()rma t i o)it wit i (-It was a va i t at) I e' at t i'l I i ine on1
r'a il rfa I I p rio r t o I t( e 1072 F I o o ( i rtd i (a t 'd abouitt 7
inchies ot* v ill r had fall ten ini New flratint et s arid S i inche's

o t' r'a itn had fa I I en rta tCarnyorn Dam. E st irmat 's welr'i I at er

made t hat i1 t o Ito i ti t( -te o t' ra i it it had Ca I It en i ii ie(
at-va bet wo'en C'arnyont Darn anid t i'( U i I Y

A f I atsh I' I o)0( war'ri i rig wat- i sstied 1) '- tihe N at i oiutI
Weather' Ser'v i te b' sever'-t 1 (oiiit i e's at 1) .*i* hit itclt

s ttateIl



I .1.- I II I I i

I(i',.i a I ui l 'i I I " fit I Hi I '. j w Ii \u I i uii te

ald(I, K)111 it . Kcr .a(ii~ I I ln . \ii ia I

\ I' Iit ) ''t i(i t '.\ ()if Ka iw i l i i .i l ' w I ;i )1( '.i

11ow' 1) (0 -u~ ig :yn a l en ift (fi '1s1 ()~i I / e . I h a a\ I a i (1
ok sui IOis (Ii hlli 11 1 w 'he i I 1' ni 41i . i 55111. i t \ nn I(

~'.a'riI u s ai(I ot ie, ie~.piiis'.s wlii (i ( i I( if?(, Ia\he(

1' ~ ~ ~ ~ ~ ~ ~ ~ 1 Ii(t1II;I ' (I iiii i 11m\ Ii I I ii (iuiiiwi IiiM' I I

I)r 1((( _-h '11)( rig 1y 1,) 1' 1 i'nii. ik

I mp oilri at I (I )wt I i- I nod Ia I ng t p Ig a 1to '.

pro 1 ( i riI I I Ne Itairh Is ir' I 1'.i 11)e il '11 lied I at eor

a H'1 d 1'I 11i 12 11(((. IIi )rIle p ai s i o
progra ti e' mi Ili st a ed in sM liima 1) mon Ii I (mdi 1'

i iIt iII II .( I ii ( i .il In (11 I u' 1 4 1 i t fit, I i f I I fit , i I

in i I I n, I i'. Ias sI It I 1i
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2. Net %,oik o f 10 i-a i tfa I I observer-, ~JiIp)(
w t I h 1 1 aist ii c la ill1 g I g e s st i1) ) 1 i v'C bd t he
Nait. ti onai I W eaith ie r S e r v ice-: a.ntd

3.A f I oocl f ore cas5t i jig s ,ystem p repa red( by t hie
Nat i ona I We ther cI S erv i ce Whl i ch 1,e I at es
r t 11 iti I I to e xpe ct ed st reamf s t:,ig e.

,te mezusrirement itn d report i rig ra intal I Iby
obse r-ve rs i s act ivated by the Newk BlraunfelIs and Coma I
Coit ,V C ivilI Defense Coordinator lupon receipt, ot i nfr-
mat ion from Nat i oral Weather S-eri ice b)y tel etvpe radio
o r t elIephonev that heavy rains are expected. -;ti itnd tr d
operat ing procedures at I so prov ide tor th 1e f ood
recogn i t, i on system to he act i vat ed any t irne an obs-erver

n otes 21 i ntchItes or more o f ra in at i is I ocat ionit.II
Observat i ons are t e leplioned to th It( uergency ()perat i ng
Center where foie caits ts itr e p)revp a red and pier 0( oii I I
updat ed.

Members of th te rad io commoni (at ion'- (1IU1) ar e
d i s pi t(c'btedc to ob)s ervec thet( r ivers atntd (l-e e ks i it thet
atrea. As needled in the(- event Of ai ILore in t elIephone
serv ice between ob s eri-v er s and t Ie( Eme rge ne cy Operat i nig
Cenft e r , mob) i I e tin i ts are a I so d ispat ched t o ra i nta I I

observer- Iocat.ions t o trarismi t ra infallI data.

Based on pred icted f I ood I eve I s . the ('lv i I Defense
C oord inat. or i ssures warn ings- to elIec ted off ic i als o t' New
Braun ~f 1s and C nina 1 Coo ntv , New Brarinfe I s po I i ce and
f ire departments , thet radio stat. ion serving the area,
and severalI downst ream towns Warn ings are d issem inat ed
to the publ ic by radio, rise of' mobi Ie public address
systems onl po I ice( and fi re department vehiclIes and by
dooi -to -door Contact-

Members of the common icat ions club11 carry their own
i iuance at an 1 anniha I cost. of $4.6 t~Per p)ersonl or

$10,.000 1 i te i risiirai)(e and $ 1 ,.000 med i itI n isuirance.
T te (omm tin i c('at. i o rs c IJitl) ha s a ] so been I i censed ats a
C i vi I Defense Rescue Squtad. Once quat I i f i ed for, lise- of
suirp iuis government propert y the cI rib) obt i i ned I ow-lband
rad ios for $30 each, expended anl average of $1 20 each
to ) pt. radiois in serv i cabl e cond it ion and provides them
to members at. the clubh's expense. The c lob hats t.wo base
stat. lors arnd tCwc antennas, rone l inked by telIephonle to a
base sttilnoc at ed at t.he Emergency Operat i ng ('enter.
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1 lie or' i g i ria I c'o st t oI I (lcd I goveemeli t f01 o lie
I' ood i'Oc ogi it i onl s ' s-t em was appr'ox i mat (-lIy $100 b'1
list it I Iat i oil of t a (ed i ('ated t Ce I elihorie I i ne I i nk i ig, t Ie(

Fniergeri' Operat i rig Center ,County slier' it arid vaCI i oI
stat i oil left rain gages cost ting af total ok1 $140 wete
fur-nished by the Nat i ona I Weather Se rvice. I he coonI i rin-
ig, cost s ft, eyt m ope)Ira t i and( ma i ntenan('e arec

appi-ox imat,(IN $2S0 annuall1y for tel eJhone I inle char-ges
and to1I I tel Iephone char-ges f-or ci Is f'vrm ia i rita I
o bs-,e rv-eris, $2 5 o f whlii cIi is matt (lied aniiA I I Y 1)v t Ite
s-tate uising tfeder-a frinds.

S-t aft t ime to operate (,te f'lood recogni tion s, s t e m
rs est imated to be 400 loutrs aririrra I Iy. Of t h is t ime .
approx imaltelIy 1,30 Mrin-hlirs itre devot ed yevarly I Y (1

preelaratorv act ion-, lpr'act ice arid tr'ai nirg of' part ici -

parit s and thfe rema i rider for I ac(t (i I oper~rt, i on of t lhe
s vs t em due( 11 i rIi I flIo od( I I-reaIt, . S5 i rice i ts i o('ept i of)l, t lie
systemr has been uise(] some Ij52 t i mes to predic Ilws

when af flIood threat. ex isted.

Apart frvom t he i r part i c' i pat i on iii the fl ood pre --
d i (4 ion syst-em. -a i nifa I I o1)-er',v e r s itre ( separate!I v
act, i vated abouit 20 _30 t i mes anirrira I I y t o pr'ov ide
r-a i nf a I I inrformat i on t o th te vad i or st at ion toeI I ocait
weat hier reports. Illi is 'vequilerit rise- o I th11e o 1) serI-ver'
sv St, emil iegat Ies tilie need( I'r (-ont inriing teia i ii i rig and
pe Iact, i ce. [he Ci vi I Defense Co oed ( i na t or'I hioI ds t wo
meet ings arinura I I v w i t, I thet( commonl i (at urois c(1111) toe.
coor'(t i nat i on and thet( Nat i oria I heart her- -et-v ice i rispeot s

pr-ecipitation gages about once at year, to asstre thle ir,
sat i sfact-ot- cond it ion.

Rel iab il , Ni o oper-atIion of t lie ff ()00(1 i'cogr i it i oni

system i s pro' i cled t lirotigli 1eeilindericv ofi cimmuri i calt oil
I i nks., observat i on of tipst ream wteor l evelIs t o co(ii!'i r'nr
impenid i ng f I ood i rig arid avia i I ali i I i of mriti I t i I) Ic pei-soris

capablIe o f i nterlwret i rig trai i if ta! I Id t ai arid p)edI i c t i rig-
flood heights. [vucrrat. i on is hatsed ott vi stia I coii irma-

t, i on of flIood i iig inl 01)51 rear areas hv N obseelval ion of
s tati I' g i,,es b)y mne m be-r s oI the- c'mminit i (at, i Eitsc I li) .
Alt Uoae ther' I. t Ir e Nsystem addI(Is ab1)ouIIt 30 Il i n)11t ('s to I) lihe
%atur'ii rig t i me 'Al i clit WOO I(d ot hie r-v i se be ava i i I arb I v . 'I I I
per-t i nen t c i t y % depa r' mrrit S Iha %viv St Inaririd ope-at I-,
p)ro )ced( IIrres 1'o r'- reIspon(is e t o ti' oo warn i rigs VlI i clh are
coil vd i rit d t ltr'oiigOi a o i tit Ic i t Y iirr i (] c ttiti Civ i I
Det'ense I'merrgencv P Iart.
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Views of Local Officials

New Braunfels and Comal County Civil Defense
Agency. The largest value of the system is in extend-
ing the warning time of floods from practically zero up
to 30 minutes, which is enough to warn and evacuate low
areas and save considerable property. The value of
warning time was made obvious in 1972 by the difference
between the large loss of life at New Braunfels and the
loss of only I life in heavily populated floodplain
areas downstream which received warnings issued after
New Braunfels began to flood. The second major value
of the system is the confirmed information on flood
severity which eliminates both overreaction and false
alarms.

The advance warning of floods is used to
accomplish evacuation of dangerous areas, move city
equipment to safety from its normal storage area on the
flood plain, and bring emergency services in the area
to an increased state of readiness. It is estimated
tha the opportunity to move city equipment before a
severe flood would result in a reduction of damages of
about $1 million, almost half of all identified public
losses in the 1972 flood. Altogether, it is estimated
that the advance warning would enable a 25 percent
reduction in the total damages that would otherwise
occur in a severe flood as well as shortening the time
required for restoration of services. In terms of the
investment made in establishing and operating the
system, "a return of 1 ,000 times over is no exaggera-
tion."

To date the system has encountered no problems of
any type in its operation except difficulty in accurate
estimation of river stages by members of the communica-
tions clCib. This was rectified by placement of staff
gages at various river crossings. In addition to
floods, the communications club is available for use in
other emergencies and the frequent use of both the
communications club members and the rainfall observer
network minimizes any need for training.

The system is viewed as being "literally 100
percent sure of operation and very accurate." Fhe
existence of the system is viewed as a distinct plus by
city officials and supported by both them and the
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p(Ibl I i c e i( ite ad vitnt a ge I, I t he( s vs tem i i s- i t. s ru( I e i it
initi I hg I es -d I (it -- awaire ( I the 'i I I I -Id t iet t as a (o 1-
t 1 i btt i oil t u1V il' [ d c (I.( s ion.-, abl)i I alld( ii "v I i 1 I, 1(o
p Iai i 11 aica1;s I lie p)umb I i c i s- ith a;1'e of, i I I d ma k cs
cxt 1L S e ri e i-e o t' t lie- 5Xst eni . (-i I I ii hg ircijerit I N. l%iier
cotid(It i t I --,i sugg s t a I t I oorl in i g IIt be iri t It( II ritk i I g

I it( t' I ood( ' rig -, Ng SV -t ( 'IIiI i scouis i (ieir(l t o bc t lhe
"kIv st oi(, " of t lic o% va'c I I c i v i I (lerse lru.taIII ifid I lie

ac~t i % i t ,, arliiiild whl i (1i 1 p it ar. Cl. ot her. (-e iiA'.cii (' at rC
Organli / c/ d . It t' I e -,".st t .Ini (Ii of nut Iio0h (1\ i -it . I fle
''Iii g h es-t pl- ii it Y' %%oi 1(1 be g xen' t o i t S es't al I i et

N ew BrvaI 11rit'e I s 1) I i ci c IDepa it mertit.. I lie d i it-.ct

befe f i t.s t, o t hec 1) I i (Ct Depar-t nit-tit ut' t he eari I \ wal.ri j ig
prov i ded by' t hie ' I0( oodwaI I I i I Ig s s t vem i s t lie opp)(it killi t '\

t.o be g i fe v itc I It ion r mnak e avr'aiigenerit . ot t (a i.;t I(

conit ro 1. ) pre pa re ernergelicv hl.si ig aiill ac(t i V. it I t lihe
Emergenlcy Opei-at, loris Cecn1te r f ( i I I Iy opervit i oiia I s I at u Is

I'hle 310 minlutes ot' eal v warn li ig Save~s molle ' i ri a
var- jet y ot' ways . hel( (rliafce t o move piill)i c pi-opert v tra;if

mean at " tirenieridotisy ( y I arge " sa\ i rigs. III add it iol ti 1) u i
wvartiing system helps, ini set t i rig tip maiipoiwer hot Ii t o ats -

sur-e a(Ieqtuate( staff is ol dtilt 'v anid t o avoid iiecessal'y
over-t ime. [liev sY -t ent i eiab I es avo idatice of' 0Ve1'ireC-
t i onIs t'o 1.1 ood thr-eat siti oat iotiis which(I woiiI( li dicirediit
e-mcfgen( 'v warrfit igs it) generua arid le(ad to ri a se senlse

oFsec II r. i tv y A\iiotit, r- be ie f* i t if t lie- comb) i nied warni i rig
system and responise p1 all i s t hie e I i nil nat i (in of' ulaos-
anItd "05 t. to S J percenrlt o C If( he misttkcs wh i chit arc mradle
whel i t ,s n)e cessaryI' to a iIc t, w it liiit eriugli t' 11 I- to
tIt i rik . " L veli the hot walrn i rig t i me wh i c i is ava i I abl I c'
efliab I es evacriat i rig at slibst al)(t i alI amnotl o it' pe-o I
pr'(ipert y t r-om homes arld 1)051 riesses . I fie a va i I ab i I i t v ofI
sp)e c i Iic i iir'rrrat lirit aI so cria b I es g i v i jig akpiA-Iie;i \

people bett..e r aniswers, a biit what tI ex pectI

'The warnr rig system i s viewed ats an [I xce) I erit
intvestmenit f'or wh Ich ptiac. ti calt I Iy' I v( expenise iS,-
requ i r-ed . I Ihe syst cm i s we I I known t o (- I v c(t ed
oti c iai I s itri d supported but hi b v t hem arid t lie qeii-i-a I
plu) Ii C.

New litratitlt(- I s Ii r-ev Depa-tmeiit . I- au I y wi-~ _ ig

priiv i ded t htrrr'igh thet Fl loud war-i i asyst erlI arev 1ised bY
U hev I- i r, Depa-t mvI- t Lto i drven)t i t' )r'pfobl em st mevet cro10ss -

i rigs ifri d tInclrpaSSeS ;11 d 1)1 1) itir aI ent rit IS tfor -U It PI
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it .1 N i n- o ot I t i re t, i ght i rig W warUnf i rig, it n(I Pe-,Cife
Wadrni g it I, ae t .- o I sed (I a it ert downst'reamtil comm or rit i es
(it' thfe com inrg tI 1o 00

'Ihet wal-1 i ng - st ein i s t hought t o be very va I oal)I e
t hrongh enal)t I i n- peo plIe to( move vehIti clIes andt c other
personluI pifopert , N I wi ch woul 1d othlerw ise be l ost- 'Ihe
e xpr 1 essevd v i fV i s thIa t t he requ i red i ivestment i s " welIl
worthwh i I e atn ( an ' common i t V w ith at t fl ood 1 )roh 1 em
slroi I dI t' i ud thet( money somethere and pit t in ati waitr ni 11

New B ratetl o s C i ty Manager Ithe fl Iood warn inrg
-- t '7 and preparedness- 1 pani prov ide 'o(ut st and inrg
coord i nat ion'" t hat, a ids the c ity ini be ing "'read(Iy fo r-
any eventutalI i t V . '' Saings due to thle system are "ilip to
un1told mill Iions diepeniding' onl severity ot' fihe fl ood .''
I hle system i s-- used f re( quent I y and we I I supp)ort edc by
the COMMUn it v' s e Iect ed off i c iai I S and thet( genera'l
p0d)1I ic. the c i tyv adimi n i strat i on has no concerns at all
about I i ab i I it ( y or other prob I ems resii It i nig from
operation of' thlesy stem or, action based on thle warni ngs
which are generated.

SANTA YNEZ RIVER

The Santa Ynet-/ R iveri r ises i n th e San Ra faelI
Mountains near the eastern boundary of Sant a Barbara
C'ouinty , California. [hie river flows westerly through at
sries of va I Iey s, d ischa rg ing into the Pac i fic Ocean

at Surf, California (Fi gure A--5). Thfe Santa Yne;.
wat- ershed is roughlIy rectangul1ar i n shape with1 an e ast.-
west l engt h (of about 0 0 m ilIes arid at north-south w idt~h
vary i rig from 8 to 20 m i I es. The watershed has at total1
area of' about Q00 squiare m ilIes.

'ilhe uipper hat I f o f the( San t a Yne z watershed i s
charact~er i zed liv nar'row va I I eys and stecep. rugged
S I opes . FlIood pl a inls ini t, he u pper watershed are
sparselIy dievel.Ioped and much o f the I and i s w i I derne ss
area inclIuided in los Padres, National Forest.. 'fhe lower
port ion of' the watershed i s character i ed by broad f I at
vall 1evs flIanked by roll Iinrg hills . Deve Iopment.s in the
l ower vall ey wh ichi are subec t fl ood ing'- include at
port i on (it' Vandenberg Air Force Base, a small port ion
oif t he' c it v oF 1 (lonipoc ( 1070 popni I at i on ot 2S , 284 1
vommerc i at I a nd( i ndistr i at I fac i I i t, i es i it t he suitbutrban i
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area around Lompoc , out hern Pac it fic Ra i I road ftr i I i -

tie(Is and atg ri c itIi ria I Jproper't y. I he ('couttm ,v of thle
area depends heav iI N- otn ager 1(-i I t lire id t( t ()Il I.i sm at
present . However .mulch Ot t he( te( ett adl ex 1 )ect ed
flt tire g-rowthI is retI at ed t o -et t I enimeut ill t hr area of
personne I i ;soc i al od %Ni it 1h \ ,irtihriA i r I orce Base or
relIat ed m iss ilIe arvI space pvOo ram, .

Meanl aoiiiial I jiec i p) i t at i Ott i [I I lht ik;it eirili'( vaiii ges
f rum about I I i tw lies i 11 t lie' I -%- 1-t 11- 1e' o aboott 45
inrches ini t he Itiigitr c t,% a t i ()t ol t lict i%.t ('tsiOdl
Rainf al I unt ens-,i t i es -, o 2 ilt Iht,, pet hoot may 0 occur.
I ie' great er pa rt o V I he '1 irttoi I Ia i I n f It14 ti Vits ron
November t hr'-ough Apr i I I Io lm iiiu illt t heic %at ershed i.-s
LISuL I Iv t 1e re _,tIilI (it oh plot tact old 1t Mtrt of (Iout o r - fxe
days drat. i on t hat "Cito P i i t he pot il tdronti December
t hrPough ,I Marchri 0 ome (IS I I o o(11 Il, i ni t itt it i alier m'foll n i
ta nsi11- b ItIt i t . 1 riot a i go Ii aIt t'art Or in the
f I uod i ng prob I cm

I hit, Ilk i V tli ret (Iatt .-; t si -oui f i cant s i /' c i ) t lhe
watershed. Junrca I . 11,itr Itecr . and iradhurN tk e
(achirma i ta I I of wti i c iti are I ittat (.(I onI t lit' r ivet s, S Ma itt
st em . 13radh(ubLIr ' Danm b 1)1 1 t anrd operit c (I by, t ie( V ..
Bluireaiui ohI Rec I ama t ion 1 i S th e I arge st o f t Ie( t h1re', (I it miS
arid i s c apabl 1e o f st Or', i ig, about 20 i . 000 acre-t ft . otf
wat evi. VC'xLuSiVe Of SUrcharoe. AllI of t le,c -r'v o i rs-
are operat ed for water stippl ' ,and conservat ion p)l1irp)o ses
and onlIy Bradbirry hats stit fi c i eit ca pa( i t Nv to prox' i do
nc identa] f' loud control benief its t o downst ream areas.

Operat ing procedure for Bradbury Dam reqiires i mpoii rid -
ment, of flIood waters trot,] thfe reservo ir' i s fit I1 Ian )d
then r'eIe~ase of water at a rate approxi mat ely equoalIii ug
nf'lows. Drawdown of the( reservoir in ant i ci pat ion of
nrco m i rig, ft I00( flIows i s ri ot. perrn i t ted s i rice flIood

(tint rolI is rtot art author i /ed puirpos5e of the tac i I i t Y

I' 100(1 occur fit i r I y fr equient I Y iii thle Sanit it ne
watershed. Thley ursual liv rise to the ir pecak withini 24
hours after inrterise rainfall beg-ius an(] soibside wit hinr

a ly atter passage o f t le c rest H i s triIr'ctd
indicate necarl v 20 s iarifi cant f'loods have octtrr('d ill
thet 5 1 yeaitr period of 1007-1 07s. A flood occrrrring
210-2o Januiary 1000 was unuilsulalI v lar tge, iav vi ig a il
est imat('d return i tterva t of approx imate]lv SO yeat's.
Iwoi other flIotods- Of large magn i tride aliso) have occuirred
ic I tdingv one in I1907 which is thbought to have exceeded
he 106() flood inr peak di scharge.
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Damages resulting from floods in the watershed
include destruction of agricultural buildings and
fences, loss of livestock and crops, road and bridge
losses, erosion, loss of agricultural and non-agricul-
tural equipment, disruption of utility services in
Lompoc, damage to railroad facilities and losses
incurred at Vandenberg Air Force Base. Flood losses at
Vandenberg Air Force Base which have occurred include
disruption of communications and transportation,
inundation of buildings housing computers and other
expensive equipment, destruction of sewage treatment
lagoons and erosion. Flooding also poses a threat to
life along the floodplain throughout the length of the
Santa Ynez River and flooding of Vandenberg Air Force
Base is detrimental to national defense. The princi-

pal losses caused by the January 1.969 flood were
estimated to be in excess of $5.0 million including
about $3 million at Vandenberg Air Force Base, $1.2
million to roads and bridges, $1 million to agriculture
and $.7 million to railroads.

Flood Warning System

Implementation of the Santa Ynez River flood
warning program was begun shortly after the January
106P flood. The program was developed by the Santa
Barbara County Flood Control and Water Conservation
District. Figure A-6 shows a schematic illustration of
the program.

The flood recognition system portion of the pro-
gram includes automatic collection of data from 10
precipitation stations, 3 reservoir level gages, 10
gages on flood gates at Gibralter and BradburY Dams,
and I stream stage gage on the Santa Ynez River located
at Lompoc, California. The data collection system
provides for three modes of operation including
automatic reporting on a "change of status" basis,
interrogation by telephone, and automatic reporting on
an elapsed time basis. All data transmissions are over
dedicated telephone lines to the District's offices in
Santa Barbara, California. Collected data may be
either printed directly by teletype or entered
automatically into a NOVA 12 mini computer system for
analysis and reduction before printing. Processed
information on precipitation and reservoir releases may
be input into a watershed model operated on a Hewlett,
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1,dc k. iI d 1i ' 3 iioliput erI fori jred i (4- i (in It t f 1 0 w at

" i ouil p )o inIIts a t1 he Vidt ei'sliet , j I cI I Idi ig ju [t ,I o VN t oI

lBi'di()il\ Darn.

15 s e d ()If pied i ct(d t' Iow t te D i st r i t i I cs
t%111 liig I"s i 11 jatt(l rd( i% i t If il I'lerelt I'oeda res manna I
The marimi I -.;p)e (i t'ie t d-ttc i o(ils t b ve t akeni and part i es

I o be c(lit act ed I or. eml (It ot s e %era 1 1)rved i (-t ved t'I oh

leeI t el cd Ijell% vi()fs pert 1(1115 of t hie Witt ersiet . I he
em erg eri('1C piiitedlre~s mnarina I alI si i at( I tides d i rel I i on's~

ot her d Lins i it t he %%at er1slied . s t iiidaid i ied %%arii i rigo

rflss; I -es ;I tdiHIni p1.-11 s If o%% i ii1 a red s of t (. %%at ('i-stli
i ntridat ed bY v-ar i olii. I ii os.

I heic flii i reNt- i 1) i (li t s (t' t' I (10( w Warn i ig_-s i -sueJ( d by

lit, 1) i st r i it i it I id t lie- diit af Barbara (etiit v -lier i tt

Cit ' v lo I Ilfll Iipo , -at af Baribaira (oiit ' NI- i re Depa rt merit
\ai )d er11)I e \ ii t- fitec Ba-we Ciint y 5! rperv i sors-- . U1..-

Bureau otI Ret I amat i ()n Br'adburyv Dami operat oi- ari1d
I -tdiio iitld ti' c(cvli i stt ii on , s e Iv ra1g t ie( area .
hairi i rigos aire d i ssemn i nlat ed t- o t Ii'. pa)i )1 It l)y rad io arid
t.' I v v. i s i ()il st at i oils , si ii'iis piilil) itc a d dlIe s s Sv t emins (10

p o I i ce arid f i re .elif i c I es . ari1d 1) N t el I plioniie

Or i g i fil I c(1s t (f t Ie( " atrit a Yilie / R i v er t1 (le od
is itrri i rig progran wa; s 1it)l)r1ix i ma It e I v $50,000 at 111( I _d _ i
acti i s i t i off an11d i is t at I I att i onf It' equ i pmerit. devel pJmerit

o t the( wait er'sli'd mode I arid ats se () a tcd s t a ft' t i me(-.

Ori g i afdi I (cos ts wer met n( I a rge I N, b)y thle F I(1(1( ('()fi I-l
ar ifd 1t e r Cois e r vat i onI D i st v it. w it Ii 'toiint I i 1)it (io ts trem )i
th te U! A Air F orce ait td (It h erI anift i c i pa t e d bende ' i c i a I C es
iot t'hi' program. Aim al (Icst s For (11 erat i(Ili arid rmai ii-
te(iiat('e (It thIte pr'-o ,ifain vary actcordI i nag t o thle anlomit ot

ti 1111' t le f1((1(1 recllgn i t. jell s t emi is iiit t se 1) il t i
e s t, i ma t. vd t.o be a bo0Lut $ 1 000 CeXCt I ud i Ig St afft t i Me
Est. i mated staff t t t, i me de v ot'e d t o t he (Iper'.t ion arid
ma Ite riarif ce (it' th le syvst em1 i s es t, i ma t ed to( rangoe f rei

I t o I '!2 man1- yeca' ar11 ia I I y . Maj or berifetf' it r r e s ot'
warni i rigs assist i i meet i rig (i pe'r'itt i o if arid ma i ait eria rice

V i ews of' I oca I Oft' i c i a]I s

Sanita Ba rba ra ('iiirity 1, 1 lood (oa)ft r'l I and Witt eI (oni-

servat. i of) Di stritt . TJ11 pr i [Ii i pa I r-esI I I t' s ot' t, he
system are : at) inrcreas fing t ie( advance warn i rig iii t I 1(1(1
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from 2 hours which was ava ilable without the system up

to about 8 hours at Bradbury Dam and 1 2 hours at
Lompoc ; and b) availability of infor mat ion on the
severity of impending floods. In addit ion, development
of the system and the data (.1OI 0(ted thi-ouPh th1e system
have added considerably t o kn-w I edoe (f watershed' s
hydrology. Benefits of the early varn i ng,_ which are
issued include:

1. Safety through prov i S i (fn of ade(uat e t i me
for evacuat ion of persons I iving in areas
subject to flooding;

2. Reduction of damag-es through enabling
evacuation of movable property and an early
beginning of flood fighting activities;

3. Earlier post-flood recovery and lesser
rehabilitation cost; and

4. Improvement of reservoir regulation, provid-
ing both reduction of flood damages and

water conservation benefits.

The system is considered to be highly reliable.
The only significant operational problem experienced to
date has been transmission of an occasional false read-
ing from a gage due to a lightning strike in the
vicinity. However, false readings are indentifiable
and therefore cause no false predictions of flood

levels. System accuracy has proved excellent, Figure
A-7 shows predicted versus actual hydrographs for a
flood occurring March 3-5, 1978. Forecasts have a high

credibility with the public.

No adverse public reaction to the system has been
experienced. Local elected officials support the system
and have raised no objections to provision of funds for
operation and maintenance. No problems with liabili-
ties or legal action of any type have arisen from
operation of the system and none are anticipated. The
principal concern associated with use of the system is
maintenance of the technical capability on staff which
is necessary for its continued operation.

The overall assessment of benefits of the warning

system is that the investment is returned a thousand-
fold.
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Santa Ba rba ra She r i f f s Department. Advance
warnings of fl oods received from the Santa Barbara
County Flood Control and Water Conservation Department
are re layed by the Sheriff' s Department to the County
Administrator. Warnings are also used by the Sheriff's
Department for preplanning of emergency activities and
for scheduling and placement of personnel . lhe system
is considered to be dependable and acted on without
further confirmation. The principal benefit of the
system in the view of the Sheriff's Department is the
increased safety of flood plain residents.

U.S. Bureau of Reclamation (Bradbury Dam Opera-
tions). Predictions of flow into Lake Cachuma and

other information available from the Santa Ynez River
flood warning system are used in operation of Bradbuiry
Dam in a variety of ways including:

1. Warning of persons immediately downstream
of the dam abQut impending releases which
could cause flooding of lowlands so that
livestock, equipment and other property can
be moved to safety or otherwise protected-

2. Determining the need to hire staff
necessary to operate the dam during periods
when releases are being made and schedul ing
work hours;

3. Avoiding over-release of waters which would
waste valuable water and increase down-
stream flooding;

4. Coordinating the operation of the several
dams on the river; and

5. Scheduling minor manipulations of dam out-
flows to avoid coincidence of outflows from
the dam with peak flows otherwise occurring
on the river.

The warning system is believed by the Bureau s
representative to be reliable and fairly accurate and
creditable with the public. The availability of (he
advance warning is thought to be (f considerable value
to the Bureau 's operat i on a I though t he amount o f
benefit cannot be easily determined. With r'espect to
the overall Santa Ynez Val Icy, the warning system is
viewed as being very effective in terms of purovi dina
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.safety arnd t remendolli I produtct iv ye .- a means of iedlic

ingt 1I(1(1 damages.

Vanderiber-g A ir, Iorce Base. Offtici als at, Vanden-
bertg Al i v orce [Base p I ace sutif i c i ent vai I tie onl warn1 ng"s
pr-ov id(ed by the fl oodl warning system that t hey have,( had
i ISist I I e(d a'i d pit\.y t ir a ) r- iv itte I i n e t o thIte o )ff i ces otf
C te ait i i itBa i- )attrai I food Cont rolI arid] liat er Coriservat i on
D i st r i ct to assuire i mmed iate- availI ab)i I i tv of warn ings .
Waitini rigs vece ived re deemed t o hav e s u ff ic ie nt c i-ed -
i bi Ilit y and accur-acy to serve as an immedate basis of
ac(-.t ioil. I he value o f warti-n in gs t o the base i s i n
bene f i t s which result from:

1 . Pr-ovis ion of t ime necessary to re route e Iect r -

calI power and common i cat. i ons to secUr-e cont i -

fli ty of operat i ons t o va r iou S a~ct i v it ies
i nclIud ing t hose re I ev ant t o nitt i ona I seci t- i t y
anid avo idanc e o f e xpenis ive " holIds " in space-
craft launchings:

2.Re I ocat ion of' cont en ts I iom a rid protect i oil by
sand bagging of adiminist rativye off>ices. space-
craf t assembl I ho[i i I d in gs, base shops. and]
vehicles;

3.Irnitiation o f patrol s for erosi on anid br-idge
damage anid p)rotec t i on o f vaitr ioutis tu t iI lit i es
cross i rg thte Sa n ta Y nez River. leading t o
faster recovery from flood damage.

4 . Inc reased saflety of base personnel ; and

5.Improved overalIl hand] inrg of' flood si tiiatloris
by prov idcinig the time necessary for at syst em-
at ic ;Arid we I I- pl armed res-ponse .

As not.ed earlI i e r , damages at. Vandleniberg A ir, Uorce
Base due to the Januiary 1900O flIoocd were appoxiaely
$3 m] l Iion.- Off icialIs est imate that the availIabilIit Y
of early warnings wool d cut losses by at, least, one-halIf
in any fuiture recuirrence ot at flo of(1(i that magnitude.

City of Lompoc . U~p to 10 hours advance not ice of
flIoods are prov idedl t~o th le C ity of ILompoc by th le san ta
Ynet River flIoodl warn inrg system. Use is madle of the
warnhing by the city to:
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I. Notify city police, community development,
fire, and utility departments to make appro-
priate increases in on-duty staff or place
crews on stand-by to prepare for warning
evacuation, debris clearance, sandbagging and
other flood-related activities;

2. Valve off water and sewage lines crossing
under the Santa Ynez River to avoid contamina-
tion of potable water supplies and spills of
raw sewage;

3. Begin patrols of the river hank, evacuate a
city park and campground vulnerable to flood-
ing, begin observation of streets leading to
flood-prone areas and take other actions to
assure safety;

4. Prepare and test the city's auxiliary electri-
cal power system;

5. Prepare sandbags and sand for use, provide
sandbags and sand to residents and begin
sandbagging to protected selected areas;

6. Warn city residents; and

7. Warn outlying commercial and industrial
establishments and farmers.

he warning system is thought by Lompoc city
officials to be very reliable. No difficulties whatso-
ever of a legal or other nature have arisen i n
connection with the distribution of warnings.

WISE COUNTY, VIRGINIA

Wise County is located in the southwest port ion
of Virginia. '[he principal streams with headwaters in
the county are the Powell and Guest Rivers, each of
which have numerous tributaries (Figure A-8). The
(1 inch River, with headwaters approximately 60 miles
upstream, flows through the sout. heast portion of the
C'ounty.

The Powe I I River watershed forms a rough circle
approximately 14 miles in diameter. The city of Appa-
I ach i a 1 !1070 popu I at ion of 2 ,161 ) is located at. the
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junction of the Powell River and Callahan Creek, one of
its major tributaries. Callahan Creek has a drainage
area of 28.9 square miles and at the lower end of the
city, the Powel l River has a drainage area of' 10S
square miles. There is residential development on both
sides of the Powell River, with considerable commercial
and residential developments on the f'lood plains of
both the Powell River and Callahan Creek.

Big Stone Gap (1070 population of 4.153), is about
three miles downstream of Appalachia, at the junction
of the Powe ll and South Fork Powel I Rivers. I he
drainage areas of the Powell and South Fork Powel ]
Rivers at Big Stone Gap are respectively 1 57 and 40.0
square miles. Most of the business and resident ia I
devel opments at Big Stone Gap are on high ground
between the two rivers and on the north side of the
Powel l River but there are importatit commercial and
resident i developments on flood plains along both
rivers.

The city of Coeburn (19)70 population of 2,302) is
located in the Guest River- watershed at the junction of
the Guest River, Toms Creek and I ittle Toms Creek. The
downtown portion of the community and some resident ial
developments are located on the flood plains of the
several streams.

[opography in the vicinity of all of the communi-
ties is hilly. The upper port ion of both the Powell and
Guest River watersheds are mountainous. Streams in the
upper areas are characterized by V--;haped valI 'eys and
very steep gradients. lower reaches of the water.shed
are less steep but st, ill produce high water velocities.

Lxtremely intense rains can occur in the area. In
Ne I son County , l ocated a short d i stance nort heast .
rainfall amounts of 22 inches within 24 hours have been
recorded. Most heavy rains occur in the per iod of
December through March. However, flood-producing rains,
can occur in any month.

F loods occur frequent I y along the rive rs and

streams in Wise County. In major floods, tihe waler
level can raise as much as 14-18 feet at rates of rise
of 5-6 feet per hour for smal 1 st reams and the Guest
River at st . Paul (an rise 25-30 feet at rates o f rise
of .3-4 t' evU per hour. More than 30 ( o)ds have bell
noted in the Powell River drainage since record, have
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been maintained and more than 10 along the Guest River.
Severe flooding occurred most recently in April of 1977
when 7 inches of rain in 22 hours caused water levels
exceeding the projected 100-year level on most streams
in the county.

Flood Warning System

The impetus for establishment of the Wise County
flood warning program was the flooding experience in
nearby Nelson County which had received 22 inches of
rain in 24 hours when Hurricane Camille struck in 1969.
Recognizing that Wise County was similarly vulnerable
to severe flooding and that early warnings would be
beneficial, the Wise County Director of Civil Defense
began development of the existing system. Figure A-9
shows a schematic illustration of the existing system.
The first precipitation gage, costing $3.00, was pur-
chased in 1971. Simultaneously, LENOWISCO, a regional
planning commission for Lee, Wise, and Scott Counties
organized a joint effort with the three counties, the
Tennessee Valley Authority, and the National Weather
Service to perform hydrologic studies and develop flood
prediction charts.

Flood recognition system equipment now in place in

Wise County includes 15 plastic rain gages and 8
observer- read, river - level gages. Rain gages are
located at the Wise County Emergency Operating Center,
at homes of civil defense staff members, officials of
the several communities served by the system, and with
other volunteers scattered throughout the county. Most
of the gages are equipped to be read remotely so
observers can take readings without leaving their
homes. River-level gages are either painted on bridge
abutments or consist of metal tapes mounted on wood
posts. In addition, there are two stream-level record-
ing gages on county streams which can be accessed by
telephone. These gages were installed and are main-
tained by the Corps of Engineers.

Weather information provided by the National
Weather Service is received at the civil defense office
over the Virginia State Police teletype, NAWAS tele-
phone circuit and NOAA weather radio. The flood
recognition system is activated by the Civil Defense
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Director, Civil Defense Coordinator, or other senior
staff member when information such as a NWS announce-
ment of a flash flood vatch indicates heavy rains are
anticipated. The system can also be activated by any
of the observers who note rainfall in excess of 2
inches in 24 hours at their location. Communications
with observers are by telephone, backed tip by pol ice
radio for key observers. As needed, police furnish
mobile radio contact at all observer locations.

Information on rainfall received from observers is
used to forecast flood stages. Forecasts are issued to
police dispatchers, rescue squads and c ommun i ty
officials in the area concerned, to county agencies and
officials, to school system officials, and to radio
stations serving the area.

Information relating predicted flood heights to
areas inundated has been assembled for most flood-prone
portions of the county. Ind'ividual communities dissemi-
nate warnings to persons in affected areas by sirens
and public address systems on police and rescue
vehicles and by knocking on doors. Reports from riveri
level gage observers are used to confirm early predic-
tions of flood stages.

The cost of installing the river-level gages for
the system was approximately $25 each, including labor.
The rain gages which are now used cost approximately
$15 each. It is estimated by the Wise County Civil
Defense Director that a system like that in place could
be installed by two persons in one week for less than
$1,000. Maintenance cost to the county for the system
is about $100 annually, mainly for replacement of river
level gages which are washed out. About 40 man-hours
per year are required to inspect and maintain the
system.

Views of loca. Officials

Wise County C i i i Defense Office. [he area has
historical ly been subject to a large number of floods.
Before the system was instal led, there was always a
lack of information on which to base decisions. [he
result was the frequent issuance of warnings to the
public, a large number of which were false alarms and
which consequent ly hurt the credibility of succeeding
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N itoi n--,. I te I ack otf i nformat ion a I so r'e-iIt (,d i ni
uinrcicc sar v act i vati on of the Nat i ona I Giard a nlumbfr'
()t" t imes and unneeded action by residents in the area.
hith the sy st em . predictions within halt' a foot ()f
th( final r(rest stage t'an be made 4-5 hours ahead 1')z- a
4-fo t tise in stream levels. Predictions of a 24-
tool rise made in April 1Q77 were within 2 feet of the
mea. ired (-rest lie i ght even though they Iere made 14
hours in advance of the flooding.

J lie 'system was activated about 70 t imes between
1071 and I 107). Floods actual ly occuorred in five of
those cases and the predictions that were made proved
accurate in each instance. Persons who didn't react to
warnings the t'irst time or two have had Lhe opport unity
to see tihe accuracy of the predictions and now 80 to QO
percent of the people voltuntarily evacuate when warned
to d( so.

Ntimert is hbene'it s come from the system includin :

1. \%oidancc oF cost s associated with ftaIse
a I aims :

2. at'e v t C area resi dents through warning,
e,\ iia io)n. 1) loc k ing of dangerous roads.
aid riad i n(ss ot" rescue crews and civil
(l'! vli, e l)(ers(o ) ;

, (-a ut v through better information on when
t () t rainsport children from school to home
in ()rdet to avoid flood dangers. Chi I dren
were( formerl y released whenever a problem
o)ccnurred ;

4. I loudptiofing and evacuation of contents by
propert y owners and movement, of mobi I e
homes; and

5. Ut i I i ty system management to reduce 1 osses
to water and sewer systems.

Every house on the flood plain benefits to some
extent through reduc ing damages and. a 1 together, the
savings are tremendous. As an example, saving of .350
automobi les by their timely movement to hig her ground
was attr i buted to early warni rigs in flooding whi ch
occurred in 1077. At I east $25,000 in negative costs
were saved on one weekend by not. overreacting to a
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potent ial flooding s itat ion. I lie gross productivity
o t Ile county is great I y increased by this type of
saling. Fhe va lue of warnings can 't be measured just
in dol lars. I'he system does a lot of good and is just
an excellent investment of time and labor.

Both the general publ ic and local officials
support the flood warning system. Auto parking areas

trom which river-level gages can be read are sometimes
so crowded that official observers have to wait their
turn to see the oages. Following the April 1077 flood.
the C(ounty Board of Supervisors passed a resolution of
commendat ion for operat ion of the system and newspapers
in the area have run editorials recommending people
take warnings seriously. Both public officials and
other parties call in frequently for information.

City Administration of Coeburn, Virginia. People
in Coeburn thought the city would never flood again
after complet ion several years ago of a small flood
cont rol channel through the center of town. In April
of 1077 the city did flood--almostto the tops of the
parking meters.

Warnings about the flooding were received from
civil defense about 8 o'clock in the morning. By (
o'clock, police, fire and rescue squad personnel were
put on standby, a command post was set up and the city
council was alerted. By noon, city equipment had been
moved out of the floodplain and merchants and the
public had been notified by telephone and bullhorn.
Everyone had about 10 hours to prepare for the flooding
which began late that night.

As a result, there were mi 11 ions of dol ars of
savings. At, least $1 50,000 of fire equipment and
thousands of doll ars of communications equi pment,
vehicles, graders, backhoes and other city equipment
was saved. By shutting down and protecting pumps on our
water and sewer system, several thousand more dollars
were saved as well as maintaining the capability to

restore service immediately after the flood. The pumps
and motors would have been ruined if they had been left
on. Replacement equipment would have cost at least
$20,000 and taken six months to obtain, during which
time the city would have been without sewer service.
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I lhe advance warning .s fI Iflood al o gave t ime to
open s(hot I s for evacuees and set upI) emergency roult ( ,;.
.- ve'a I I i ve s can defi n i teIy be att ril)uted t o the
t'lflel2('IIICv (llin Ii icat ions that were set ip . eveIa I

I i ves w( Id have def i n i t ely 1)eent I ost i f t here had beenI
no w ai in s . iWrn i ngs a I so I)ov i d(d the time necessirv
to set uip se(tir it v arrangements to prevent loot ing and
\anda isill in evacuat ed areas.

Ihe war'nin,- system also lets tie city avoid
tInnle cessary act ivat i(un and overtime which are very
costly . Ixperience with the warning system has shown
it to0 be so reIi a bIe and accuitra te that i t caitn he
dlepend~edl onl t ota I I Y.

c it v Adm i n i st. rat ion of Appal ach i a . r irg in i a
%Sarn i ngs of the April 1077 flood were received by
telephone and radio at the pol ice department and city
manager's office. Fi rst. alerts were received when the
storm started moving in. Then 3-4 hours of warning was
•e i \in that a flood would definitely occur. 'Ihat was
enough time to warn peoplle and evacuate the flood plain
areas and, consequently. not a single I ife was lost.
[he city also was able to save mobile equipment, shut
valves on tie water and sewer system and shut off
electrical power to some motors. I-or a flood like the
one in 1Q77, the warning system saves $200,000-$300,000
ot pub li property losses.

With the time available, police were able to set
tip traffic control arrangements and aid motorists. The
fire department was able to disperse its equipment.
Warnings were given to the public by fire and rescue

squads using public address systems and by knocking on
doors. People saved a lot of their property by stack-
ing it, moving it to upper stories or evacuating it to

anot her place. There's just no way to calcul ate the
re turn from the warning system. Plus the saving of
l ives. hundreds of thousands of dollars can be saved
for a few pennies.

Warnings have a very good credibility with the
pul ic. I here was a very good response to the evacua-
t ion request. The accuracy of the system coiildn't be
much better. Several times the predictions have been
almost exact and other times they have been only inches
from what actually happened. There is no concern at
all about reliability either. The city is definitely
prepared to act immediately on the basis of warnings.
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Average annual precipitation in Swat ara Creek
watershed ranges from 40-45 inches. Most of the
precipitation occurs from May through August with an
average of 30-35 thunder-storms yearly accounting for
most of the summer rain. Tropical hurricanes rarely
reach the area with destructive winds but can cause
intense rainfall. Average snowfall is about 35 inches
per year and snow melt is a significant component of
late winter and spring floods.

Swatara Creek floods frequent ly with some 12t)
instances of out - of-- bank flows being recorded bet ween
1919 and lQ60 at, ilar-pers Tavern, Pennsylvania. Severe
floods occurred in 1889, 1933, 1972 (Hurricane Agnes)
and 1975 (Hurricane Eloise). The June 1972 flood
caused greater property damage than any previous flood
with approximately 1,100 residences and 150 commercial
and industrial structures being damaged or destroyed.
There was also severe damage from the flood to agricul-
tural lands and properties and to roads. Areas of
concentrated developments subject to flooding lie in
Londonderry Township and near Middletown.

Flood Warning System

The Susquehanna River Basin Commission held a
conference shortly after the widespread flooding caused
by Hurricane Eloise in 1975 for the purpose of ident ify-
ing problems which had been encountered and needed
actions. Lack of warning was identified as a serious
problem which contributed to losses throughout the area
and Swatara Creek watershed was ranked as the part of
the area where improvement of flood warning arrange-
ments was most urgently needed. The Commission
subsequently undertook to stimulate development of a
flood %,arning system for Swatara Creek through develop-
ment of a plan for the proposed system and hosting of
meetings with various officials from the three affected
counties. Agreement was reached among the three
counties to operate the flood warning system and, six
months later, the system became operational. Figure
A-i1 illustrates the operation of the system.

The concept of operation of the Swatara Creek
flood warning system is:

A-39

'--'4.- 'U



z -z

E. w

>z

0 E-4 w~

! E-4

00

u
-- 4

r-44

z
< H

i~~ -L 40 c



1 se of i iormat i on provide.d by six v) I inteer
ta i nftaI I observers t o )re dict f l(ood stages
at [iarpers ravern , Plenrsy I vani a

U2. se 0o t rest -stage re I at i oiish i )s bet, wee i
tarpers I avern aind d ownst r e am I ocat i os to
prod i "t (rest t a g, e and t, i me (i t'Iood i rig
fo r ot t r ViI neIiah ) ) 1 aces

" 1 . Use o" f ln aii utomat i c .t, ream stage recorder
at larpers I averrn to (con ti rm flood fore -
cast s; an(I

4. Distribition oIf warnings from count .v Civi I
Defense agencies to va ritis municipal ii, ies
and, through them, to tIhe pu I ic.

I echnica l aspects of' the flood recogni t, i ton system
were deve loped by thfe Nat i ona I Weather Serv i ce . I he
Susquehanna River Basin Commission provided prec ipita-

tion gages and instal led 10 river'- level gages at var -
ious stream crossings to prov i de i nformat ion for
calibration of' the system. Original cost for purchase
arid installation of the several river-level gages was
$1 5,000, including labor,, paid to r by the Susquehanna
River Basin Commissi on. Annua I operat ir g and main-
tenance costs for the river - level ga,4es of about
$1 ,500 are shared by the Pennsyl vania Department, of
Environmental Resources and the U.S. Geological Survey.

Coordination of the f l ood recognition system and
preparat i on of flood forecasts are prov i ded by the
lebanon County Civi I Defense Director. Rainfall obser-
vers are alerted to begi ii ra i nfa I I measurements
whenever information received from the Nat i onal Weather
Service by teletype or radio indicates heavy rains are
expected. The observer network is also act i vated upon
request of the Civil Defense Direct or of" any of the
three participating counties in the event. locally heavy
rains occur. Rainfal l ol)servers a t so have a standard
operating procedure for sel f-act ivat ion of, the system
i f more than I inch (if rai nfat I is r(ce i ved i n any 24-
hour period.

After their prcparat ion Iood Foriast s are

d i str i buited by radio From t he I ebanoin Count y Ci viI
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Defense Director to the civi I defense di rectors of
Dauphin and Schuylkill Counties. All civil defense
directors then issue appropr i ate warn i rigs to I oca I
fire, police and other emergency services agenc i es and
to radio and television stat ions. Warnings to t he
general public are provided by radio and television arid
by police and fire vehicles with public address
systems. The warn i ng system prov ides a genera l warn i rig
time of about 10 hours in the c(entral port ion of the
watershed and about 1 5 hori's at Ii dd 1 etown. (onf i rma-
tion of flood flows through observation of staff gages
enables about 1 hour of highly accurate warnin g of
flooding.

The system has been used three times since becom-
ing operational in 1976. Other than when it is actyive,
no county staff time is devoted to the system.

Views of Local Officials

Dauphin County Department of Emergency Seervices.
Prior to development of the Swatara Creek flood warning
system, knowledge that flooding was going to occtir in
Dauphin County was based on reports of flooding in
immediately upstream areas. 'T'his approach gave about, I-
hour advance notice. Even then, deciding hoI severe
the flood would be and what a reas should be evacuated
was only guesswork. 1 he biggest benefit of the system
is the definite forecast of the flood height arid the
time when the crest will arrive.

While a repeat of the I")72 flood would priobably
cause several deaths without the warning system, tlite
only deaths now anticipated in a severe flood are those
persons who ignore warnings or make fool i sh mist akes
1 i ke try i ng to canoe on the flood waters.

Damages from floods are also reduced. Ilhe 10 72
flood caused an almost 100 percent loss of ('orit nts (It'

residences in londonderry Township. With the approxi-
mately 1 5 hours of warning available. it- is est imated
that t he loss of' cont.ents can ibe r'edue(' d abou. 00
percent.. Costs fo r' 1) ickup of d is ('ar(Ivd items are
reduced as wel I as the time required to r'('tlrn (o

norma I operations. II ad( it, i on. the warn i rig syst em
el i m i nates overreact. ion on the part, of both privat e
pa't i es and 1)111)1 ic 1)o(I 'es an(I t Irer'e fto e sa ves t hIese
Costs
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The three counties participate in operation of the
system by mutual consent and without any formal agree-
ment. No problems have arisen in the arrangement. Local
officials in the area are aware of the system, support
it and depend on its operation.

The system is considered to be very rel iable
because telephone communicat ions between count i es are
backed up by radio, mobile radio units can be dis-
patched to back up telephone communications with rain-
fal l observers, and all personnel responsible for
making flood forecasts and issuing warnings are backed
up by a I ter'nat es. Accuracy of the system has been
excellent, with est i mates of the time of arrival of
flood crests being "on the button" and estimates of
crest height have been within half a foot of what
actually occurred. The opportunit y for the pub] ic to
view the accuracy of the flood forecasts in past floods
has made "real believers" of them.

No prob l ems have oc c o tred i n operat i on of the
system. 'he on I y concern of any i mportance i s the
poss i b i i ty o f an it nnee ded evacu at i on of mobi I e h omes5
in one area on the bas is of what turns out to be a
"near miss." However, resi dents there are less Iike lv
to he falsely evacuated now than they were before the
warn i n system was deve I lped. I n any event, the concern
about potential I i ab i I it v has not been great enough to
prompt any spec ifi(c action to guard against it.

Susquehanna R i vet Bas i r Commiss i on. l he Swatara
(reek flood warnin- system works in the absence of any
foima agreements 5 because the three coiint i ( s are bon rd
t, o et her w i t h a common pir(l 1 em. I here are p rese nt l y
about. 25 l ood warn i rig systems oper-at i onaIl i n t he
port ion of PennsvIvania within the area covered by the
Sis luehanna River, Basin Commissi on. [here have been 110
problems with the operation (If any of the systems.

Duri ng Agnes , tra ii ers were washed away . W i th
warning, tra i I ers can be moved i n a matter of a few
hours. Warning also enables getting large equ i pment toi
mo-e large I P- gas tanks. Without warning in Agnes, a
restauirant was flooled to the ro(of level cailsing a loss
of al I contents. With warnir g, evacilat i(on of oinly the
part, ial contents of a walk-in freeier saved food vall ned
at $25,000.
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A water pumping plant lost all of its equipment
during Agnes and was shut down for several days. During
a recent storm, the pumping plant was able to lift its
large electric motors and electric breaker panels above
flood levels. The estimated cost savings was $7,000-
$8,000. However, more importantly, the plant manager
reported that the flood warning system allowed them to
shut down for far less time than during Agnes, and that
they could put the plant back into operation faster
because they also knew when lower water levels were
coming down the stream.

There are many examples where homeowners were
evacuated by boat during Agnes. In the recent storm,
people were evacuated earlier with far less danger, and
many homeowners were able to move appliances, furniture
and other items to higher levels out of harm's way.
Early warnings and accurate wat er level predict ions
also permit timing of evacuations when it. is 4afer for
the rescuer. In Agnes, some rescues were made at night
with a rowboat when water was up to the treetops.

The warning system is viewed as providing the
kicker to get civil defense going at the county level.
It also provides a way that local governments can
participate in efforts to reduce flood losses.Everyone
benefits from a better understanding of events and the
capabibility to make planned responses to floods. In
terms of reducing flood losses, there can be a signifi-
cant reduction of damages to content s based on
warnings. This provides a big return for hardly any
cost which is especially helpful for areas for which
there is no structural solution.

LYCOMING COUNTY, PENNSYLVANIA

Lycoming County is located in the north central
portion of Pennsylvania, about 90 miles north of' Harris-
burg. The county has an area of 1,215 square miles. Ihe
majori ty of the lands in the county are heavi ly
torested and remain undeve l oped due to their st e)
slopes. Flat ter areas in the river valleys and the
milder slopes are used primarily for agriculture. lhe
majority of the county's popu I at i on and comme rc i a I
development is located on the valley flood plains in
close proximity to the major streams and their t ribu-
taries.
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Agriculture in the county is gradually decreasing,
due at least in part to expansion of urban areas and
increasing demand for, recreational lands. As agricul-
ture declines, commercial "ind industrial activities are
becoming a more important part of the overall economics
base of the area. One of the larger employers in the
county is the Sprout Waldron Company, a manufacturer of
various types of industrial machinery. The county's
population was 115,123 as of IQ77. It is expected to
increase to 122,600 by 2000.

Physiographically, the county lies at the junction
of the Applachian Plateau Province and the Valley and
Ridge Province. The Allegheny Front, which separates
the two provinces, is an escarpment trending east-west
acros s the county. The topography of the county is
varied with broad flat ridges across the highest eleva-
tions, several broad valley areas at intermediate
elevations and several major stream valleys disecting
the area north to south. Slopes in the area are
relatively steep and stream gradients range from as
much as 10 percent in the uplands to about 5 percent in
the lower valleys.

Lycoming County lies entirely within the Susque-
hanna River Basin. The West Branch of the Susquehanna
River flows through the county for a distance of about
thirty-eight miles. Its major tributaries in the area
are Pine (reek, Little Pine Creek, Larrys Creek,
Lycomi ng Creek, Loyalsock Creek, and Muncy Creek
(Figure A-12). ]'here are also numerous smaller tribu-
taries. Altogether, the county has approximately 2,200
miles of streams.

The mean annual precipitation in Lycoming County
is 40 inches. Precipitation is relatively well distribu-
ted through the year with May and July being the
wettest months. Intensive rain occurs in the area as
storms or' tropical disturbances move north and east.
from the deep south. Hurricanes occasionally affect the
area, the most. recent occurrences were Hurricane
Agnes i n 1072 and Hurricane Eloise in 1975. The
hurricane season lasts from June to November. These
storms cause as much as 4-8 inches of rain in 24
to 48 hours in the county.

f loods occur f requent I y along Lycomi ng County
streams. f.or example, Lycoming Creek exceeded its
bankful stage 44 times in the period 1914-1958. Recent
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obse rver'vs i s superv i sed by a If St ream ('001(1 i at or."

r:i-ture A- 12 shlows the principal I o(at ions whiere inftormai-
ion is col lected onl r'ainf'all and Stream levels . HiIcert

are,( a iso numerous moni tor ing sites a long Pine (reek iii
Si oga County wh i c are not Shown . I-i gore A-13 i I I tc'--
(rates Schemat ically the operatioln of the flood %%iism
sN.st em.

IN-com ing Countyv's efftorts to prov'ide warn ing, ()I'
flIoods are Stipp I ement eci by exchange ot informatiloll Wit Ii

adjacent c'ount i es . a I I ot' wh ih have flt--f ood warn iw-

svst ems based onl observers. (omirrn jat i ors twith thmnd

coo-d i nator's in adjacent counties is via radio.i

Il he ltood wNarnitn' syst em is act ivat ed weee i
observer or nect work (001(1 i nat or (-()it act s th Itcount '.

Emerrgecy 'I %ilagement Agcy wi v t i t I nformat i on I mu~ t A
I o ca t io h)i )a s rec e ivevd a p Ies ci bed c it mo t I I t otfI it i nr aII

I i Ich i i %% i nit (-r or' 2 i nches r nt spr i ng,- t lirou-Igi fI II.I

AlI I observers are t hen ('ont ac t ('( arnd ieqtrest eci to m)rake,
hourlyv report s onl ra irnt'a I I arnd or- st ream levelIs.

Precipit at iotn dalta and Strlearm levels arere rt'c
byN obser-verls to the St ream coord inat or'. Aft er' uorisic da

ion (ot the dat a tromr obser-ver's- il t heir area. s't rciarr
c'oor'di nat or's report to tie( warn inrg syst cr coordia ca .i

Based on the( irt'o'mat i ornre i ved I tIfe warn r rrr, \ si 1 (.11

coordirnator rel eases floodl prerd ict ions in (,lose, (c()mid i-
nat ion with Nat iorial Xhrit her 'eIvvice pr-sorie I anid lie
>pr'otrt Wal1 Iron Companly

Ilet ephric i s" I pr ) ,i ma rv rmeaI s ot ( oirrimi( at. i (mI

hi it 11 observe'ir's anid Ci' m ('oc)I i [irl~t ot.r's. liciwever' . liWi .1ii,4'

o f t If(. vur I nrrab i I i t N oif t c I 'I)ione' i i ceii I () (I *- rccp1 -

t i rorn, ar'rdrig'emr'rt S e'x r st \Nrit Ifitrnat 4'1r1r rai o () c~e I ,

i t lic coulnt N. t oc p) t' ov i (I c 1' i h (. k (1r ji onrrrnr ri ( al i crc ' . I lit

w arrirrgf sst em (ocird i nat or.- %at i oua I h~eat her ci \

;rid( cit her'- kery patrt i c-s ilr'e r'(I i pped %%i it If rad i t

I'he warni it- sY.-t em makes- i t 1)~ We t) co p: c In t

Ito " h otI's ad(Ivait i ' InIut i ci c i o t 1 1 o0( < r, ( I cc rrI1 rc III -, p)ic I

(itf t hie (uinor N. . 1I Ii()()(I %%;1r'ri i I s ei i''tid tIric Ii I lit-
s y st e'm a re( r ssllit'( t oc rad iio st ilt i oirs s'r\ i ig, l it, a rci.c
c i t Y . Corunrt v arid .st at c p()I i cc e 3 4 f' i rie ( nrpalic I

s I'r r ig t he( crorrit v Penn-ri,\ I Nvan a I'cisr arid I i -1lrr
(Comparny: lerris 'v I arn ia; De~par mlriit j I anispiol atI I (m

n nrsY I van rt 1' a l'crg 0'rrcv \lan iagrme it .\crt arid ti
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ret urn' much quic ker t o normal operat ions. this i n turn
minrimizes economic( dislIocat. ions anid d isrupt ions for the
over'a I I(ommun i t y .As an example, the Sprout haidron
Company' s los-ses in thfe I 070 flooding were approxi1-
mat ely. $2,.000,.000, including physical losses of $424-.000,
emergency cost s of $2' 3 ,000 , and busi ness lo s ses
est i mat ed to be $1 ,23 1S.000 . their plant (li d not ret urn
t o norImalI opera t i ons for a I most s i x mont It,,. I II
cont rast . t he fl ood warn ings availI ablIe a t t he t ime o f
lu rr icane L lo ise in 107 5 enablIed plot ect i on of t he ir'
plopelt y .Along h ithi some permanent flIood prool inug that
had been done, warnings enabled cut ting the losses t ()
about $s~ . 000 in physical 1losses anid $01I . 000 in) emer-
gent'. cost s .In add it ion , the plant has ' 0 percenit
operat i ona I in about 3 days. hoId i ng buwsi ness 1 o.-ses to0
an est i mat ec $1 01 ,000 . OverallI t lhe l osses her~e only
$137,000 compared to t he alImost $2,.000.000 e'xper ienced

previously.

Residentijal property damages due t o flooding are
also greatly reduced by t he availability o f ea r- I
warn ing. The fl 1ood in March of 10Q79 inundat ed about ' 10 I

homes. Yet, the damage %%as so slight due to peoles.'
movement of t hie ir propert v af ter thfe war'nings were
givyen that. it was niot even necessary for the Federal
I nsulrance Administ rat ion t o send insurance adjustors to
he area. Thousands of' doll1ars have also been saved in

other' inst ances by avoiding uninecessary evacuat ions.

One of t he most sign if i canit payof fs of' the f lood
war'ni ng syst em i s i t 's contribut ion t o safet 'v . It was
necessary in prior flooding to lse- motorboats to rescue
a number of people who had become t rapped by unexpect ed-
ly high water levels. 'that, posed a tremendous haz'ard
for bot h the rescuers and those being assisted. 1 he
e'ally warning syst em makes it poss ible to avoid those
k i rids of' dangners by evacuat ing areas before t he'. ' re
flIooded . The advance warn inrgs also el iminat e a great
dealI ot' c'haos because t he emergency agencies hav'e thle

tme necessary to prepare for act ion.

Ly('om inrg Countyv Emnergency Management Agency. I he
fl1ood warn inrg syst em is seen as be inwg of' t remendous
va I ue tCO t he Emergency Management. Agency arid t hie
pti 1) 1 ic . I he re is no doubt, what. soever that earlIy war'n-
ings c.an save I i yes
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Ihe s N s t em haits b)eent a t-ea I sticcess iii t cr'm s otF
bothI peft tot-man~ce and paityofT . I lie- re I iai i It N, arid
aCt' n aC ('V hav'e bet'ii good aridl ju st o iti (-occ a s i oni t oi use

t sys t em i ti MarI-chI otF I () 70 pid 1 ) bc k i t 's C OSt it t b1OU S-
and t I mes over'

Boat'd o-()It' I.S0115. ol1( I N, coli i I g- I ownsh i p.
F1 100111 i ' atliht peoplIe by stnt'pi' i se i i t lhe cases of' bothI
fiIiti i c-alle Agnes andf ( fiti.' i caine U- I(i Se. I he Ilack ofY
wart11i r ig WatS par1,t i cen i I a N. ser' i oils i ti t lie case otI
Iltitvi cane, Ag-nos be'cauise of' i ts sevet' i t y . Matny of' the
pt'op 1 e who had t o be ('vactiat ed( we('( t aken out by boat
some f tomi t he P001t's of' t he i v hiome s .Ot lie i' peo p1 v we re
t apped inr iso I a(e 'if areas f'or (c0ns51 detabl Ie per- i odls of'
time. I'pl t o a Y'eai- %-as teqil i ted t o i-est of-e tior-ma I it to
he area.

I he pi-oblIems d ti Ii rig t lhe I 072 1'] oo d iri alImost
became at tea I (I i sa s t e t' I t'vves p i-ot ec t i if,- some ave as
wer~e alImost ovetit opped atid] i t wats only di scover'ed at
the last momenit tha t thIte pitmp1)i ifg- s t att i o tis t' i n t eti ifi

(I a i nlage w er1e ma Ittin( ct (iotig o. I liese ex per- i erices w it h
f oods creat ed it pu1)] 1i c demand f'or, some k i id of' aft

eait lv N warn 1 1 tog sy'Steml.

I he advanit a -es of V bax, i ig, a t' Iood wat-i ' ig SNst em
wetec apparet in he ,, Flood inrg duvn- iMia r'ch 1 070 -Wi t It
appjltox i mat el N, lou P lion is ofI' ad%-iitce wartn-1 i 1 g . p() I i ce
we't(' at) I v t 0 malke- petsol- t 0--so co(lit act wi t If
It's i detnt s ill I ow -lIv i tg att'as t o warnl t hem t o ('vaciiat e.
I hete wats t Iso~ t i mel( t oi t ('st t ie( pumps tv i i c'I ha11id
Ipr('ei ousi catise'( problems. make pi-epai'at ioils to feeod
aridl t'ate t'ot' eva('tices. arid (ot)Od intat e th(' actii It ie's ot'

ie( R('d ('ross . Ci v i I Det'erse arid t' i te( comlpan ites. I t
atiot lictt I' I ood)( I i k(' t ht( %%Iti (-It to I I owed fli r i (carie Agnes
the warnr i rip syst o'm ,otil Id( ii su I t i ii a1 40 percent t-eduic-

in of' losse's i if Ile rsonta I pi-oper-t y Anid what can he
accoimplI i shed w.i t Ifita g i venl I en'rigt it oI' wairi i rig t i me
Smpl'oves w i t 1i exipet. i v'ice

Flit- warn i n_- s s t e'm i s i nva I tiabI v tot' thef( merit aI
arid phys ic(al We 1 I -be i rig n1 t, les i (if-lit s . Ilet'ot-v . t lie

iFtmat ionl onl what was happen i rig wats (otitisi ng orI
wr-ong. Now, tit' if'or-mat ion i(('' c~evl is very a('(tr-at v
As a r-esuIt t Ifv ) vi eopl 1e ini thef are-( ia av e at grt-e at d ealt oft
c'tuo id Ience i i t he w ar'r i i n g syst( emir.
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I (com i rig (ountt 'V B oit ( ol t, ommni Is-, o ii c I otit
0 ftt i ( i I Is ha d t he exi)wr- i enci' i 1 Q )72 w it I) fitIl i an
Agnes ok' Nei-cvinrg ()i it s ingle miechiani calI gage t o loll1 it'

he It- i ,vt. level was v sinrg (w i'a I Ji iig. Ma I ilict i on of'
fte gag'e showed t he need t' hav ing obseve i'.-- Ieoj)i't on1
t i vet' levelIs andc c I t'et (I so()mc ilit eltest i 11 it *.i'il i n-"
svst em. I he( 'l ood iIt f ol l ow i ig, Hit'vv I cane U I o i se' i i 1 07 'i

sho%%ed thet( lack of aiagemelt s t()i' air oii'gdti ied and~

sy st emnat i c .tppi'a i Sit 1 of, 'l ood t hII'eat -,. I I'emuidmi'
pi-oper't v damag~e occlurrled becatise of' at lack ol i Ill Foi'itld

I hiese e'xpel. i ei('es t- i ggeiv[cc d, ve( I oIpmellt oF Ihe
p I-e s v )t ualninrg syst em. IF t Iwse sanie I I oo(l o(-ctti'd
nlow . t hie Ie wooi 1 (I be a fill I t i -in i I I i ()il do I I avi' i n- to t'
pt'opetrt v dlamage and b)u Is i I ss losses . Ar It(II i Iti m i i Ig-
i ridtist vi a I anid ('ommeici at I I o)ssevs i s vci-v i mjpoit ant It'
inditst t ies begin ('l Ios in du,-(le t oi I altge l osses . onte %%ori I d
tol ow atio t her I oilt o t the iIed id the whole ecorom c

si t Oti t on woot I d oit t a ye

tot' t-educ i rig loss of' I iIfc and l osses t 0 pei-sotia
ptlope t't y' I [he Boat' d suppo) t s i t 100 C pot-er''ei
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